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INTRODUCTION

INTRODUCTION

This is the second in a series of reports on "Proposed New and
Revised Water Quality Objectives".
The first report was published in
September 1976 and a public hearing was held by the Commission on the
first set of proposed objectives [Group 1] in December 1976 at Windsor,
Ontario.
This report contains additional objectives [Group 2] that were
still under the review by the Water Quality Board at the time of the
public hearing.
Group 2 includes nine objectives that were deferred by
the Water Quality Board for further study during 1976 and three that
were proposed by the Water Quality Objectives Subcommittee and adopted
by the Water Quality Board in June 1977.
The Great Lakes Water Quality

Board recommends these objectives [Group 2} to the International Joint

Commission for adoption by Governments as a part of the Great Lakes
Water Quality Agreement.

GROUP 2

CURRENTLY RECOMMENDED BY WQB

NEW AND REVISED WATER QUALITY OBJECTIVES RECOMMENDED
BY THE BOARD TO THE COMMISSION FOR ADOPTION
E

Copper
Iron
Nickel
Silver

BY THE GOVERNMENTS

Guthion
Parathion
Cyanide
Dodecachloropentacyclodecane
[Mirex]

Ammonia
Hydrogen Sulfide
Temperature
Chlorine

The Commission will review the objectives proposed by the Water
Quality Board together with comments from the general public in making
its decision whether to recommend or not recommend adoption by the
Governments of Canada and the United States of these objectives as part
of the Great Lakes Water Quality Agreement.
Group 1, new and revised objectives which were previously
recommended by the Water Quality Board are shown on the next page.
Additional objectives and revisions to existing objectives will be
recommended as the Board continues to define the cooperative actions
deemed necessary to restore and enhance the water quality in the Great
Lakes.

GROUP 1
PREVIOUSLY RECOMMENDED BY WQB
(PUBLIC HEARING HELD DEC. 76)
NEW AND REVISED WATER QUALITY OBJECTIVES
Aldrin
Chlordane
DDT and Metabolites
Endrin
Heptachlor
Lindane
Methoxychlor
Toxaphene
Phthalic Acid Esters
Polychlorinated Biphenyls (PCBs)
Other Organic Contaminants
Arsenic
Cadmium
Chromium
Asbestos

Lead
Mercury
Selenium
Zinc
Fluoride
Pesticides General Objective
Diazinon
Oil and Petrochemicals
Unspecified Non-Persistent
Substances and Complex Effluents
pH
Tainting Substances
Settleable and Suspended Solids
and Light Transmission

BASIC CONCEPTS
Non degradation
Enhancement
Mixing Zones Guidelines
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DEVELOPMENT AND USE OF WATER QUALITY OBJECTIVES

OBJECTIVES) CRITERIAJ

STANDARDS

In the 1972 Great Lakes Water Quality Agreement, restoration and
enhancement of the quality of the boundary waters is based on adoption
of common objectives and the implementation of programs to achieve these
objectives.

7 The term water quality objectives , as used in this report is very
similar in meaning to the terms "water quality criteria , and "water
quality standards .
The three terms are defined as follows:
WATER QUALITY OBJECTIVE
The criteria for a concentration of a substance or a description of
a condition that is considered to be safe for the most sensitive use and
which has been chosen as a goal by the governments of Canada and the
U.S. as a part of the Great Lakes Water Quality Agreement.
WATER QUALITY CRITERIA
The concentration of a substance in the water or in aquatic organisms,
which has been established by scientific investigation as being a safe
level

(a

level which would not

cause damage to

a specific water use).

WATER QUALITY STANDARD
Criteria or objectives which have been included as a part of the
enforceable environmental control laws of a unit of government.
Standards
usually contain criteria for a specific use and a schedule for compliance.

GREAT LAKES WATER QUALITY OBJECTIVES
Article IV of the 1909 Boundary Waters Treaty between the United
States and Canada states, among other things, that "boundary waters and
waters flowing across the boundary shall not be polluted on either side
to the injury of health or property of the other".
The 1972 Great Lakes
Water Quality Agreement is a specific application of this principle.
Articles II and III of the 1972 Agreement set out the general and some
specific objectives to be met to ensure that pollution of the boundary
waters does not occur.

Water quality objectives are minimum desirable levels of water quality
to be obtained in the boundary waters of the Great Lakes System and are not
intended to preclude the establishment of more stringent requirements.
They
take into account the criteria for a whole spectrum of water uses:
supplies
for municipal, industrial and agricultural purposes, recreation, aesthetic
enjoyment and the propagation of aquatic life and wildlife.
Once the United
States and Canada accept water quality objectives, they are obligated by the
Agreement to develop programs and measures (including water quality standards)
consistent with achievement of these objectives in boundary waters of the
Great Lakes.
In general, water quality objectives are goals to be maintained
or achieved in the boundary waters through effective pollution control programs
in both countries.
Compliance with the objectives is intended to ensure
protection of the most sensitive uses of the international waters.
0n the other hand, water quality standards and other legally enforceable
regulatory requirements are prescribed levels of water quality established by
governmental authorities in each jurisdiction.
They are generically different
from objectives.
While water quality objectives are developed on the sole
basis of scientifically defensible data to protect the most sensitive uses,
standards and similar legal requirements are generally established by each
jurisdiction after considering the designated uses and the factors of social
and economic consequences as well as technological ability.
For this reason,
standards are not necessarily identical to water quality objectives.

MW

VSR

AIS

Under Article VI of the Agreement, the International Joint Commission
was designated to assist in the implementation of the Agreement.
Among the
responsibilities given to the Commission was the "tendering of advice and
recommendations to the Parties and to the State and Provincial Governments on
problems of water quality of the boundary waters of the Great Lakes System
including specific recommendations concerning water quality objectives..."
Further, the Commission was directed to establish a Great Lakes Water Quality
Board to assist it and serve as principal advisor to the Commission with
regard to the exercise of powers and responsibilities assigned to it under
the Agreement.
The Water Quality Board formed a Water Quality Objectives Subcommittee
to assess the adequacy of the objectives in the Agreement and develop new or
revised objectives.
This Subcommittee, together with the Research Advisory
Board's Standing Committee on Scientific Basis for Water Quality Criteria,
has proposed specific water quality objectives designed to protect the most
sensitive beneficial use of the boundary waters.
These two groups jointly reviewed all available scientific information
on each of the proposed objectives and recommended those levels that research
indicated would protect the most sensitive use.
The rationale for these
decisions and the scientific literature cited are included for each of the
proposed objectives.

The Water Quality Board reviewed the proposed objectives and in making
its recommendations to the International Joint Commission gave primary con
sideration to the protection and enhancement of Great Lakes water quality.
The Board reviewed all aspects of the proposed objectives including the
practical aspects of using them as a basis for regulatory action.
The Board
was aware of the fact that the dischargers and the public must bear the cost
of meeting regulatory
requirementsbut did not use these factors in its
decisions to recommend objectives.

EBQQEDURES UIILIZED BY JURISDICTIONS TO CONSIDER WAIER QUALII!
OBJECTIVES IN THEIR REGULATORY REQUIREMENTS
In Article IV of the Agreement, the Parties agreed to use their best
efforts to ensure that water quality standards and other regulatory require
ments will be consistent with the achievement of water quality objectives.
The following sections outline the procedures taken by each jurisdiction
towards this end.

CANADA AND ONTARIO
Canada and Ontario have agreed to adopt the water quality objectives as
the minimal basis to be used by them in establishing water quality standards
or other regulatory requirements respecting the boundary waters.
They have
also agreed that the objectives shall be the basis for designing and assessing
pollution abatement programs and other measures taken to improve or maintain
water quality in the Great Lakes.
[From paragraph 3, Canada Ontario Agreement
on Great Lakes Water Quality, March 1977.]
The Province of Ontario employs guidelines and criteria for water
management in approving the adequacy of facilities for waste discharge
disposal.
The guidelines and criteria are presently being reviewed in
of the May 1977 recommendations of IJC for new and revised Great Lakes
quality objectives.

quality
and
light
water

Revisions to the criteria will be reviewed with the Ontario Advisory
Committee on Occupational and Environmental Health.
Consideration is also
being given to the formal acceptance of the guidelines and criteria by the
Lieutenant Governor in Council and the desirability of formally adopting

standards for water quality under the authority of the Ontario Water Resources

Act.

U.S.

FEDERAL GOVERNMENT AND GREAT LAKES STATES

In accordance with the Agreement, the U.S. Federal Government has assumed
the responsibility to ensure that the water quality objectives are considered
in the State Water Quality Standards review process which is required at least

once each three year period as stipulated in Section 303 of PL 92-500.

I

It is U.S. EPA's policy that water quality objectives under the Agreement
and water quality criteria outlined in the U.S. EPA publication Quality Criteria
In instances where water quality objectives
for Water 1976 should be considered.
criteria listed in the EPA publication,
than
in the Agreement are more stringent
the more stringent values should be considered for the Great Lakes waters.
This approach is recommended because the U.S. Government recognizes the Great
Lakes as a unique and sensitive water body.
The states conduct a technical evaluation of their water quality standards
incorporating the following steps:
0

Review the proposed water quality objectives in the Agreement to
verify their technical adequacy and achievability.

0

Compare the proposed objectives with the water quality standards
which are currently in effect.

0

Evaluate the impact of the proposed objective on present or future
wastewater dischargers to determine if the objective would result in
a change in the required level of treatment.

0

Determine if implementation of existing water quality standards and
abatement programs would result in the achievement of water quality
consistent with the proposed objectives.

0

Evaluate the social and economic consequences of the proposed
objective.

0

Determine if the goals of the proposed objective are consistent with
the maintenance of the designated use of the waters for the public
interest.

Each state distributes, for public review, the proposed revisions to its
standards usually upon issuance of a notice for public hearing.
Single or
multiple hearings are held, depending on the area affected by the standard
revisions, chaired by an impartial hearing officer.
On the basis of comments
received, further revisions may be made.
Before adoption as final standards,
legal, legislative or administrative review and approval are required.
The
exact procedure for the final review will vary from state to state dependent
on administrative requirements.
In most states, water quality standards
become state law upon promulgation.

lO
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EXISTING WATER QUALITY OBJECTIVES
1972 GREAT LAKES WATER QUALITY AGREEMENT
ARTICLE II

GREAT LAKES WATER QUALITY OBJECTIVES

ARTICLE III

-

SPECIFIC WATER QUALITY OBJECTIVES

ANNEX I

-

SPECIFIC WATER QUALITY OBJECTIVES

ARTICLE II
GREAT LAKES WATER QUALITY OBJECTIVES

The following general water quality objectives for the boundary waters of
the Great Lakes System are adopted.
These waters should be:

(a)

Free from substances that enter the waters as a result of
human activity and that will settle to form putrescent or
otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl;

(b)

Free from floating debris, oil, scum and other floating
materials entering the waters as a result of human activity
in amounts sufficient to be unsightly or deleterious;

(c)

Free from materials entering the waters as a result of human
activity producing colour, odour or other conditions in such
a degree as to create a nuisance;

(d)

Free from substances entering the waters as a result of

human activity in concentrations that are toxic or harmful
to human,

(e)

animal or aquatic life;

Free from nutrients entering the waters as a result of human
activity in concentrations that create nuisance growths of
aquatic weeds and algae.

ARTICLE III
SPECIFIC WATER QUALITY OBJECTIVES

1.
The specific water quality objectives for the boundary waters of the
Great Lakes System set forth in Annex 1 are adopted.
2.
The specific water quality objectives may be modified and additional
specific water quality objectives for the boundary waters of the Great Lakes
System or for particular sections thereof may be adopted by the Parties in
accordance with the provisions of Articles IX and XII of this Agreement.

3.
The specific water quality objectives adopted pursuant to this
Article represent the minimum desired levels of water quality in the boundary

waters of the Great Lakes System and are not intended to preclude the esta
blishment of more stringent requirements.

Notwithstanding the adoption of specific water quality objectives, all
reasonable and practicable measures shall be taken to maintain the levels of
water quality existing at the date of entry into force of this Agreement in
those areas of the boundary waters of the Great Lakes System where such levels
exceed the specific water quality objectives.

4.

ANNEX 1
SPECIFIC WATER QUALITY OBJECTIVES

1.

The specific water quality objectives for the boundary

Specific Objectives.

waters of the Great Lakes System are as follows:

(a)

Microbiology.

The geometric mean of not less than five

samples taken over not more than a thirty day period
should not exceed

1,000/100 millilitres

total coliforms,

nor 200/100 millilitres fecal coliforms.
Waters used for
body contact recreation activities should be substantially
free from bacteria, fungi, or viruses that may produce
enteric disorders or eye, ear, nose, throat and skin
infections or other human diseases and infections.

(b)

Dissolved Oxygen.
In the Connecting Channels and in the
upper waters of the Lakes, the dissolved oxygen level should
be not less than 6.0 milligrams per litre at any time; in
hypolimnetic waters, it should be not less than necessary
for the support of fishlife, particularly cold water species.

(C)

Total Dissolved Solids.
In Lake Erie, Lake Ontario and the
International Section of the St. Lawrence River, the level
of total dissolved solids should not exceed 200 milligrams
per litre.
In the St. Clair River, Lake St. Clair, the
Detroit River and the Niagara River, the level should be
consistent with maintaining the levels of total dissolved
solids in Lake Erie and Lake Ontario at not to exceed 200
milligrams per litre.
In the remaining boundary waters,
pending further study, the level of total dissolved solids
should not exceed present levels.

(d)

Taste and Odour.
Phenols and other objectionable taste
and odour producing substances should be substantially
absent.

(e)

pg,

(f)

Iron {Fe).

Values

litre.

shouldnot be outside the range of 6.7 to 8.5.
Levels

should not exceed 0.3 milligrams per

l4

(g)

Concentrations should be limited to the
Phosphorus (P).
extent necessary to prevent nuisance growths of algae,
weeds and slimes that are or may become injurious to any
beneficial water use.

(h)

Radioactivity.
Radioactivity should be kept at the lowest
practicable levels and in any event should be controlled
to the extent necessary to prevent harmful effects on
health.

2.
Interim Objectives.
in the classes described

Until objectives for particular substances and effects
in this paragraph are further refined, the objectives

for them are as follows:

(a)

Temperature.
There should be no change that would adversely
affect any local or general use of these waters.

(b)

Mercury and Other Toxic Heavy Metals.
The aquatic environ
ment should be free from substances attributable to municipal,
industrial or other discharges in concentrations that are
toxic or harmful to human, animal or aquatic life.

(c)

Persistent Organic Contaminants.
Persistent pest control
products and other persistent organic contaminants that are
toxic or harmful to human, animal or aquatic life should
be substantially absent in the waters.

(d)

Settleable and Suspended Materials.
Waters should be free
from substances attributable to municipal,
industrial or
other discharges that will settle to form putrescent or
otherwise objectionable sludge deposits, or that will
adversely affect aquatic life or waterfowl.

(e)

Oil, Petrochemicals and Immiscible Substances.
Waters
should be free from floating debris, oil, scum and other
floating materials attributable to municipal, industrial
or other discharges in amounts sufficient to be unsightly
or deleterious.

3.
Non degradation.
Notwithstanding the adoption of specific water quality
objectives, all reasonable and practicable measures shall be taken in accordance
with paragraph 4 of Article III of the Agreement to maintain the levels of water
quality existing at the date of entry into force of the Agreement in those areas
of the boundary waters of the Great Lakes System where such levels exceed the
specific water quality objectives.

4.
Sampling Data.
The Parties agree that the determination of compliance with
specific objectives shall be based on statistically valid sampling data.
5.
Mixing Zones.
The responsible regulatory agencies may designate restricted
mixing zones in the vicinity of outfalls within which the specific water quality
objectives shall not apply.
Mixing zones shall not be considered a substitute
for adequate treatment or control of discharges at their source.

15

6.

Localized Areas.

There will be other restricted,

localized areas, such as

harbours, where existing conditions such as land drainage and land use will

prevent the objectives from being met at least over the short term; such areas,
however, should be identified specifically and as early as possible by the responsible regulatory agencies and should be kept to a minimum.
Pollution from
such areas shall not contribute to the violation of the water quality objectives
in the waters of the other Party.
The International Joint Commission shall be
notified of the identification of such localized areas, in accordance with
Article VIII.
7.
Consultation.
The Parties agree to consult within one year from the date
of entry into force of the Agreement, for the purpose of considering:
(a)

Specific water quality objectives for the following substances:
Ammonia
Arsenic
Barium
Cadmium
Chloride
Chromium

(b)

Copper
Cyanide
Fluoride
Lead
Mercury
Nickel

Oil
Organic chemicals
Phenols
Selenium
Sulphate
Zinc

Refined objectives for radioactivity and temperature; for
radioactivity the objective shall be considered in the
light of the recommendations of the International Com
mission on Radiation Protection.

8.

Amendment.

(a)

The objectives adopted herein shall be kept under review
and may be amended by mutual agreement of the Parties.

(b)

Whenever the International Joint

Commission,

acting

pursuant to Article VI of the Agreement, shall recommend
the establishment of new or modified specific water
quality objectives, this Annex shall be amended in
accordance with such recommendation on the receipt by
the Commission of a letter from each Party indicating
its agreement with the recommendation.

16
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GROUP 1
NEW AND REVISED

SPECIFIC WATER QUALITY OBJECTIVES
PREVIOUSLY RECOMMENDED
BY THE

GREAT LAKES WATER QUALITY BOARD
FOR ADOPTION

PESTICIDES (PERSISTENT)
NEW

Aldrin/Dieldrin

The sum of the concentrations of aldrin and dieldrin in was r

should not exceed the recommended quantification limit of 0.003

micrograms per litre.
The sum of concentrations of aldrin and
dieldrin in the edible portion of fish should not exceed 0.3
micrograms per gram for the protection of human consumers of

fish.

Note:

NEW

Based on U.S. Food and Drug Administration guidelines.

Chlordane

The concentration of chlordane in water should not exceed 0.06
micrograms per litre for the protection of aquatic life.
NEW

DDT and Metabolites

The sum of the concentrations of DDT and its metabolites in water
should not exceed the recommended quantification limit of 0.003
micrograms per litre.
The sum of the concentration of DDT and
its metabolites in whole fish (wet weight basis) should not
exceed 1.0 micrograms per gram for the protection of fish con

suming aquatic birds.

NEW

Endrin

The concentration of endrin in water should not exceed the
recommended quantification limit of 0.002 micrograms per litre.
The concentration of endrin in the edible portion of fish should
not exceed 0.3 micrograms per gram for the protection of human
consumers of fish.
Note:

Based on U.S.

Food and Drug Administration guidelines.

19

Heptachlor

The sum of the concentrations of heptachlor and heptachlor
epoxide in water should not exceed the recommended quantification
limit of 0.00] micrograms per litre. The sum of the concen
trations of heptachlor and heptachlor epoxide in edible portions
of fish should not exceed 0.5 micrograms per gram for the pro
tection of human consumers of fish.

Note:

Based on U.S. Food and Drug Administration guidelines.

Lindane

The concentration of lindane in water should not exceed 0.01

micrograms per litre for the protection of aquatic life.

The

concentration of lindane in edible portions of fish should not
exceed 0.3 micrograms per gram for the protection of human
consumers of fish.

Note:

NEW

Based on U.S.

Food and Drug Administration guidelines.

Methoxychlor

The concentration of methoxychlor in water should not exceed 0.04
micrograms per litre for the protection of aquatic life.
NEW

Toxaphene

The concentration of toxaphene in water should not exceed 0.008
micrograms per litre for the protection of aquatic life.

OTHER TOXIC PERSISTENT COMPOUNDS
Phthalic Acid Esters

The concentrations of dibutyl phthalate and di(2 ethylhexyl)
phthalate in water should not exceed 4.0 micrograms per litre and
0.6 micrograms per litre, respectively, for the protection of
aquatic life. Other phthalic acid esters should not exceed the
recommended quantification limit of 0.2 micrograms per litre in
waters

for the protection of aquatic life.
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NEW

Polgchlorinated Biohenyls (PCBs)
The concentration of total polychlorinated hiohengls in fish
tissues (whole fish, calculated on a met weight basis}. should
not exceed 0.7 micrograms per gram for the protection oj'fish
consuming birds and animals.
Note:
The detection limit for PCBs in water samples is not low
enough to permit setting a water quality objective for concen
trations in water.
Therefore the proposed objective is based on
levels detectable in fish tissue.
It is believed that water
concentrations less than 0.001 micrograms per litre would be
required to preclude significant bioaccumulation of PCBs.

The U.S. Food and Drug Administration has set an administrative
guideline of 5 micrograms per gram of PCB as the maximum levels
acceptable in the edible portion of fish for human consumption.
The Canadian Department of National Health and Welfare has set a
similar guideline at 2 micrograms per gram of PCB.
The Board is
recommending a more stringent objective for the Great Lakes to
protect birds and animals whose main diet consist of fish from
the lakes.

OTHER TOXIC PERSISTENT SUBSTANCES
NEW

Other Organic Contaminants

For other organic contaminants, the levels of which are not
specified but which can be demonstrated to be persistent and are
likely to be toxic, it is recommended that the concentrations of

such compounds in water or aquatic organisms be limited to the

detection level as determined by the best scientific methodology
available at the time.

METALS
NEW

Arsenic

Concentrations of total arsenic in an unfiltered water sample

should not exceed 50 micrograms per litre to protect raw waters

for public water supplies.
NEW

Cadmium

Concentrations of total cadmium in an unfiltered water sample

should not exceed 0.2 micrograms per litre to protect aquatic
life.
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NEW

Concentrations of total chromium in an unfiltered water sample
should not exceed 50 micrograms per litre to protect raw waters
for public water supplies.
NEW

Lead

Concentrations of total lead in an unfiltered water sample should

not exceed 10 micrograms per litre in Lake Superior, 20 micro
grams per litre in Lake Huron and 25 micrograms per litre in all
remaining Great Lakes to protect aquatic life.

NEW

Mercury

Concentrations of total mercury in a filtered water sample should

not exceed 0.2 micrograms per litre nor should the concentration
of total mercury in whole fish exceed 0.5 micrograms per gram

(wet weight basis) to protect aquatic life as well as fish
consuming birds.

NEW

Selenium

Concentrations of total selenium in an unfiltered water sample
should not exceed 10 micrograms per litre to protect raw water
for public water supplies.
NEW

Zinc

Concentrations of total zinc in an unfiltered water sample should
not exceed 30 micrograms per litre to protect aquatic life.

OTHER INORGANICS
NEW

Fluoride

Concentrations of total fluoride in an unfiltered water sample

should not exceed 1.2 milligrams per litre to protect raw waters
for public water supplies.
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PESTICIDES (NON PERSISTENT)
General Objective

Concentrations of unspecified, non-persistent pesticides should
not exceed 0.05 of the median lethal concentration in a 96-hour

test for any sensitive local species.

NEW

Diazinon
The concentration of Diazinon in an unfiltered water sample

should not exceed 0.08 micrograms per litre for the protection of
aquatic life.

OTHER NON PERSISTENT ORGANIC SUBSTANCES
REVISED

Oil and Petrochemicals

Oil and petrochemicals should not be present in concentrations
that:
1)

2)
3)

4)

EXISTING

can be detected as visible film, sheen or discolouration
on the surface;

can be detected by odour;

can cause tainting of fish or edible invertebrates;

can form deposits on shorelines and bottom sediments that
are detectable by sight or odour, or deleterious to resident
aquatic organisms.

Oil and Petrochemicals

Oil, Petrochemicals and Immiscible Substances.
waters should be
free from floating debris, oil, scum and other floating materials

attributable to municipal, industrial or other discharges in
amounts suf icient to be unsightly or deleterious.

Oil or petrochemicals should not be present in concentrations
that:
1)

2)
3)
4)

can be detected as visible film, sheen or discolouration on
the surface;

can be detected by odour;
can cause tainting of fish or edible invertebrates;
can orm deposits on shorelines and bottom sediments that are
detectable by sight or odour, or deleterious to resident
aquatic organisms.
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NEW

Effluents
Unspecified Non-Persistent Toxic Substances and Complex
effluents
Unspecified non-persistent toxic substances and complex
t in
presen
be
not
should
origin
of municipal, industrial or other
concen
concentrations which exceed 0.05 of the median lethal

to protect
tration (96-Hour L050) for any sensitive local species
aquatic life.

OTHER SUBSTANCES
REVISED

BE

nor
Values of pH should not be Outside the range of 6.5 to 9.0,

ated
should discharges change the pH at the boundary of the design
mixing gone more than 0.5 units from the ambient.

EXISTING Rb:
values should not be outside the range of 6.7 to 8.5
REVISED

Tainting Substances

1)

Raw public water supply sources should be essentially free

from objectionable taste and odour for aesthetic reasons.

Substances entering the waters as a result of human activity
2)
that cause tainting of edible aquatic organisms should not be
present in concentrations which will lower the acceptability of
these organisms as determined by organoleptic tests.

EXISTING

Taste and Odour

Phenols and other objectionable taste and odOur producing subs
tances should be substantially absent.

PHYSICAL CHARACTERISTICS
REVISED

Settleable and Suspended Solids and Light Transmission
For the protection of aquatic life, waters should be free from

substances attributable to municipal, industrial or other dis
charges resulting from activity that will settle to form putrescent
or otherwise objectionable sludge deposits or that will alter the
value of the Secchi disk depth by more than 10 percent.
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EXISTING

Settleable Suspended Materials

waters should be free from substances attributable to municipal,

industrial or other discharges that will settle to form putrescent
or otherwise objectionable sludge deposits, or that will adversely

affect aquatic life or waterfowl.
NEW

Asbestos

Asbestos should be kept at the lowest practicable levels and in
any event should be controlled to the extent necessary to prevent
harmful effects on health.

BASIC CONCEPTS
REVISED

Non degradation

Notwithstanding the adoption of Specific water quality objectives,
all reasonable and practicable measures shall be taken in accordance
with paragraph 4 of Article III of the Agreement to maintain the
levels of water quality existing at the date of entry into force
of the Agreement in those areas of the boundary waters of the

Great Lakes System where such water quality is better than that
prescribed by the specific water quality objectives.
EXISTING

Non degradation

Notwithstanding the adoption of specific water quality objectives,
all reasonable and practicable measures shall be taken in accordance
with paragraph 4 of Article III of the Agreement to maintain the
levels of water quality existing at the date of entry into force
of the Agreement in these areas of the boundary waters of the

Great Lakes System where such levels exceed the specific water
quality objectives.
NEW

Enhancement

In areas designated by the appropriate jurisdiction as having
outstanding natural resource value and which have water quality
better than prescribed by the specific water quality objectives,
that water quality should be maintained or enhanced.
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REVI SED

Mixing Zones

designate restricted
The responsible regulatory agencies may
within which the specific
alls
mixing zones in the vicinity of outf
Mixing zones shall not
y.
water quality objectives shall not appl
tment or control of
trea
be considered a substitute for adequate
discharges at their source.
in the designation of
The following guidelines should be used

mixing zones:

point source,
A mixing zone is an area, contiguous to a
2)
es and conditions
where exceptions to water quality objectiv
rbody may be granted.
otherwise applicable to the receiving wate
itions applicable
Specific water quality objectives and cond
2}
the boundary of
to the receiving waterbody should be met at
mixing zones.
3)

blished by the
Limitations on mixing zones should be esta
e

by case basis, wher
responsible regulatory agency on a case
and the waterbody as a
ns
atio
ider
local cons

"case" refers to both
whole, or segment of the waterbody.
4)

of value.
Mixing zones, by definition, represent a loss

es should apply to
Many of the general water quality objectiv
5)
The zones
s.
gzone
discharge-related materials within mixin
should be free of:
(a)

(b)
(c)

(d)

objectionable deposits;

debris,
unsightly or deleterious amounts of flotsam,
oil, scum and other floating matter;

r, odour,
substances producing objectionable colou
taste, or turbidity; and

of at
substances and conditions or combinations there
quan
levels which produce aquatic life in nuisance
tities that interfere with other uses.

tted
No conditions within the mixing zone should be permi
6)
life
ic
aquat
tant
impor
to
l
letha
which are either (a) rapidly
of
lity
morta
and
hills
fish
n
sudde
(conditions which result in
cause
which
(b)
or
;
zone)
g
mixin
organisms passing through the
mental post
irreversible responses which could result in detri
ncentration of
exposure effects; or (c) which result in bioco

or its consumers.
toxic materials which are harmful to the organism
Concentrations of toxic materials at any point in the mixing
7)
of residing
zone where important species are physically capable
should not exceed the 24 to 96 hour L050.
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REVISED

Mixing Zones (cont'd)

8)

When designing conditions to protect specific organisms it

is necessary to know that the organisms would normally inhabit
the area within the mixing zone. Zones of passage should be
assured either by location or design of conditions within mixing

zones. Mixing zones should not form a barrier to migratory
routes of aquatic species or interfere with biological communities

or populations of important species, to a degree which is damaging
to the ecosystem, or diminish other beneficial uses disproportionately.
9)

Mixing zones may overlap unless the combined effects exceed

the conditions set forth in other guidelines.

10) Municipal and other water supply intakes and recreational
areas should not be in mixing zones as a general condition, but

local knowledge of the effluent characteristics and the type of

discharge associated with the zone could allow such a mixture of
uses.
1]) Areas of extraordinary value may be designated offllimits
for mixing zones.

12)

The size, shape and exact location of a mixing zone should

be specified so that both the discharger and the regulatory

agency know the bounds.

25) Existing biological, chemical, physical and hydrological
conditions should be known when considering location of a new
mixing zone or limitations on an existing one.
EXISTING

Mixing Zones

The responsible regulatory agencies may designate restricted

mixing zones in the vicinity of outfalls within which the specific

water quality objectives shall not apply. Mixing zones shall not
be considered a substitute for adequate treatment or control of
discharges at their source.
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GROUP 2
NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES
RECOMMENDED
BY THE
GREAT LAKES WATER QUALITY BOARD
FOR ADOPTION

METALS

NEW

Copper

Concentrations of total copper in an unfiltered water sample should
not exceed 5 micrograms per litre to protect aquatic life.
REVISED

Iron

Concentrations of total iron in an unfiltered water sample should not

exceed 300 micrograms per litre to protect aquatic life.

EXISTING

Iron

Levels should not exceed 0.5 milligrams per litre.
NEW

Nickel

concentrations of total nickel in an unfiltered water sample should
not exceed 25 micrograms per litre to protect aquatic life.
NEW

Silver

Concentrations of total silver in an unfiltered water sample should
not exceed 0.] micrograms per litre to protect aquatic life.

PESTICIDES (PERSISTENT)
NEW

Dodecachloropentacyclodecane yirex
For the protection of aquatic organisms and fish consuming birds and
animals, mirex including its degradation products should be substantially absent from water and aquatic organisms. Substantially absent
here means less than detection levels as determined by the best
scientific methodology available.
Note:

The best detection levels

for mirex

(l977),

as determined by

a survey of laboratories in the Great Lakes region, are 0.005 ug/Q
for water and 0.005 ug/g for biological tissues.

PESTICIDES (NON-PERSISTENT)
NEW

Guthion

Concentrations of Guthion in an unfiltered

watersample should not

exceed 0.005 micrograms per litre for the protection of aquatic life.
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NEW

Parathion

water sample should not
Concentrations of Parathion in an unfiltered
aquatic life.
micrograms per litre for the protection of
exceed 0.008

OTHER NON-PERSISTENT ORGANIC COMPOUNDS
NEW

Cganide

water samples should
Concentrations of free cyanide in unfiltered

of aquatic
not exceed 5 micrograms per litre for the protection

life.

NON-PERSISTENT
NEW

INORGANIC COMPOUNDS

Ammonia

not exceed 0.020
Concentrations of un ionized ammonia (NH3) should

life. Concentra
milligrams per litre for the protection of aquatic
litre
tions of total ammonia should not exceed 0.50 milligrams per
for the protection of public water supplies.
NEW

Hgdrogen Sulfide

exceed
Concentrations of undissociated hydrogen sulfide should not
t
protec
to
place,
or
time,
any
at
0.002 milligrams per litre,
aquatic life.

NEW

Chlorine

lent)
Residual chlorine, as measured by the amperometric (or equiva

method, should not exceed 0.002 milligrams per litre in order to
protect aquatic life.
PHYSICAL CHARACTERISTICS
REVISED

Temperature

1)

Thermal additions to receiving waters or a designated segment

thereof should be such that thermal stratification and subsequent
turnover dates are not altered from those existing prior to addition

of heat from artificial origin.

32

REVISED

Temperature (cont d)
Maximum weekly Average Temperature. This is the mathematical
2)
mean of multiple, equally spaced daily temperatures.
(A) For Growth
The maximum weekly average temperature QVWAT) in the zone
inhabited by the species at that time should not exceed one
third of the range between the optimum temperature (To) and the
ultimate upper incipient lethal temperature (Tu) of the species,
in order to maintain growth of aquatic organisms at levels
necessary forsustaining actively growing and reproducing
populations (Table 1
Appendix II of 1975 Appendix
U.
Thus,

MWAT= To + Tu g
The optimum temperature is assumed to be for growth but other

physiological optima may be used in the absence of growth data.

The MWAT must be applied with adequate understanding of the
normal seasonal distribution of the important species.

(B) For Reproduction
The MWAT reproduction should not exceed those limits for normal
spawning (Table 2 - Appendix II of 1975 Appendix "A ); in
addition these objectives must protect gonad growth and gamete
maturation, spawning migrations, spawning itself timing and
synchrony with cyclic food sources, and normal patterns of

gradual temperature changes throughout the year. The pro
tection of reproductive activity must take into account normal
months during which these processes occur in specific water
bodies for which objectives are being developed.
(C) For Winter Survival (applicable at any place inhabitable
by fish)
The MWAT for fish survival during winter shouldnot exceed the
acclimation, or plume, temperature (minus a 2.0°C safety
factor) that raises the lower lethal threshold temperature
above the normal ambient water temperature for that season.
This temperature limit will apply in any area to which the fish
have access and would include areas such as unscreened discharge
channels. This objective is necessary to eliminate fish kills
caused by rapid changes in-temperature due to plant shutdown or
movement of fish from a heated plume to ambient temperature.
3)

Short term Exposure to Extreme Temperature.
(A)

For the Season of Growth

The temperature objective for (J) short-term exposure during
the growth season is the 24 hr. median tolerance limit,
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REVI SE13

(Fr

catur§_(cont'd)

ing the MWAT
minus 2°C, at an acclimation temperature approximat
ng
for that month; and (2) short-term exposure during the spawni
and
season is the upper temperature for successful incubation
ent
frequ
or
y
length
too
be
not
d
shoul
hatching. These exposures
time
of
length
The
ed.
affect
ely
or the species could be advers
e
in minutes (t) that 50 percent of a population will surviv
°C)
in
(T
ature
temper
temperatures above the incipient lethal
on:
can be calculated from the following equati
log (t) =

a + b (T)

where a and b are intercept and slope, respectively, which are
s
characteristics of each acclimation temperature for each specie
(National Academy of Sciences, 1973).
(B)

For the Season of Reproduction

For the short term maximum temperature for the season of
reproduction should be based on the maximum incubation tem
perature for successful embryo survival. The maximum tem
perature for spawning is probably an acceptable alternative.
EXISTING

Temperature

(Interim Objective)

There should be no change that would adversely affect any local or
general use of these waters.
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GROUP 2
RATIONALE AND SCIENTIFIC BASIS
FOR NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES

CHEMICAL CHARACTERISTICS
METALS
INTRODUCTION
It can be generally stated that all natural elements (metals, metalloids,
and non metallic elements) are present in all natural waters, in sediments,
and in most living matter.
For the majority of these elements, their occur-

rence is in minute concentrations, much below analytical detection limits of

sophisticated monitoring (less than ug/l concentrations).
Obviously, for
most of these elements, no environmental concern is valid unless they are
discharged at concentrations greater than present in the receiving waters.
Metals, such as sodium, potassium, calcium, and magnesium are found in
mg/Q concentrations in most waters.
They are essential to all forms of life
as basic components of skeletal systems and for many biological processes in
general.
Ions of such metals are not lethal by themselves unless at very

high concentrations (>l,000 mg/C).

On the other hand, metals, in particular

aluminum, cadmium, copper, iron, mercury, nickel, silver and zinc, as well as
the metalloids selenium and arsenic, are common to all natural aquatic systems in the pg/C range.
In trace quantities, some of these elements are
essential for certain biological processes while others have no known functions.
Whether essential or not, these elements are lethal to biota at high concen
trations (<lOO mg/C) and, in a few cases, their natural background levels are
approaching toxic concentrations.
To protect the aquatic ecosystem, these
elements should not be allowed to increase in their concentrations, through

man's activities.
Sources of all elements in surface waters are the result of weathering
of rocks and soils (Table 1 ), industrial and municipal effluents, and precipitation of airborne matter.
In fact, it has been calculated that some
large lakes with comparatively little human activity in the drainage basin

may derive the major part of their metals from precipitation.

Lake sediments,

especially in shallow lakes, may also be an important source of trace metals.
Such a recycling has been observed for mercury and is well known for the
element phosphorus.
Chemistry

Dissolved Metals

In distilled water, dissolved metals largely exist in "free" ionic form,

that is, as very weakly complexed hydroxy or aquo complexes.

Because of

their low complex formation constants, these elements are readily available

for any chemical reaction and for biological uptake.
Consequently, any
uptake by organisms of such ionic metals from water will be rapid and propor
tionate to their concentration.

However, natural waters always contain a significant amount of dissolved

organic material including humic acids, lignin derivatives,
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fatty acids,

TABLE 1

AVERAGE CONCENTRATIONS OF METALS IN ROCKS IN MG/KG (BOWEN, 1966)

METAL

A1

SHALES

SANDSTONES

82,300

80,000

25,000

4,200

13

1

1

As

1.8

Cd

.2

38

100

9O

35

Cu

55

45

5

Fe

56,300

47,200

9,800

71,000

11

100

38,000

3,800
.04

13

35

75
Se

.05

.05

.08

Ag

.07

.05

.05

Zn

.06

20

.03

.08

Hg

COAL

SOILS

.035

.05

Cr

Pb

LIMESTONES

IGNEOUS ROCK

70

16

20

S7
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amino acids. many other compounds from plant and animal origin, as well as
increasing amounts of synthetic chemicals.
Most of these compounds have one
or more functional groups, such as hydroxy , carboxy, sulfo and amino
groups, which may combine with "free" metal ions to form metal ligand complexes.
Depending on the detailed structures of such ligands and the chemical
characteristics of the metal ions, complexation can completely mask the
availability of the metal ions for common reactions.
Of course, any two
ligands will act

differently on a

given set

of metal

ions and,

as a

result,

the biological effects of a mixture of metal ions and organic compounds is
extremely difficult to predict.
If, as in the case of certain synthetic
chemicals, the complex formation is very strong and no other physical, Chemical
or microbial degradation of the complex took place, quite high concentrations
of toxic metal ions could be present without immediate harmful effects to
aquatic life.
Organo-metallic Compounds
Chemical compounds of organo-metallic nature, that is with direct carbon
metal bonds, have been known to chemists for a long time.
Recently it has
been found that certain metals (for example, mercury) can be methylated by
microbial action in sediments and these compounds can enter the aquatic food
chain.
Because of their partially organic nature, such compounds are likely
to be associated with fatty tissues, where they may be stored and accumu
lated.
At the same time, these compounds may produce strong toxic effects on
the accumulator organism.
There is still comparatively little understanding of the biological and
environmental behaviour and effects of organo-metallic compounds.
Studies to
metallic
organo
to
transformed
or
methylated
be
can
determine which elements
forms in aquatic ecosystems are presently under way.
So far, in addition to
mercury and arsenic, the elements lead, tin, cadmium, and selenium may be
able to undergo such reactions.
Particulate and Colloid Metals

Trace metals may also be found in water in forms such as hydroxides,

oxides, silicates, phosphates or carbonates which are commonly part of the

Additionally,

trace metals may be found as hydroxides and their dehydrated

forms in very finely dispersed particulate matter of a few hundred to a few

These aggregates or colloids are usually formed by
thousand molecular units.
precipitation of dissolved metals as a result of pH changes, oxidation or
Processes of that nature occur primarily in
through biological action.
effluents entering water of different quality.
Because of the very small
size of colloids and their inherently large surface area and high chemical
and biological activity, they may be toxic to biota to a much higher degree

than large size particulate matter of a similar chemical composition.
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particulate matter from either biological or mineral origin.
Metals which
become adsorbed or chemically bound by particulate organic matter are sedi
mented with the organic matter thereby providing a major route for their
removal from aquatic systems.

Analysis and Great Lakes Concentrations

Present analytical methods for the quantitative determination of metals
atomic absorption
in water, sediments and biota include the following:
anodic stripping,
polarography,
spectrometry, neutron activation analysis,
reagents, and
Specific
with
voltammetry, specific ion electrodes, titration
spectrophotometry.
As previously discussed, metals are found in dissolved, complexed and
Consequently, analyses are performed for dis
particulate forms in water.
At present, most analyses
solved, suspended, extractable and total metals.
are for total metal, which may include dissolved and adsorbed or suspended
metals irrespective of their oxidation state or form of complexation.
Many metals occur in natural waters at concentrations below direct
In such cases concentration procedures,
routine analytical detectability.
usually by solvent extraction, have to be applied in order to obtain reliable
quantitative results at these low levels.
Water samples for metal analyses are generally preserved by adding acid
At this pH, all metals become available for solvent extraction
to pH 2 or less.
except those very strongly bound by ligands.
Difficulty was experienced in obtaining accurate data on concentrations
of metals in Great Lakes waters.
Unpublished raw data from monitoring often
contained incorrect values due to sample contamination at some stage between
collection and analysis.
Since analyses are generally quite accurate, the
problem is one of sample collection and storage.
Consequently, metal con
centrations in offshore Great Lakes waters in Table 2 include only summary
statistics derived from well screened raw data in specific metals from the
upper lakes.
Similar statistics are not available for Lakes Michigan, St.
Clair, Erie, and Ontario.
Other data on concentrations of metals in waters
is from published sources and the accuracy of the data has not been assessed.

Biological Effects and Monitoring Problems
Sprague (1970),

in his review of the utility of bioassay results,

indicated

that for fish at different times and places, "precipitated" zinc was less
toxic, equally as toxic or more toxic than "ionic" zinc.
This ambiguity was

probably the result of the inability of various authors to measure the various
forms of zinc.
On the other hand, toxicity of copper has been related, with
reasonable success, to measurement of specific forms.
As a working method for some metals, fairly good correlations with bio
logical availability and hence toxicity have been obtained by assuming that
soluble toxic forms pass a 0.45 p filter while insoluble non toxic forms do
not.
It is recognized, however, that the actual separation of these forms is
not that simple.
Forms which were retained by the filter could be a reservoir
of potentially toxic forms which may readily redissolve under changing con-

ditions. Pulse polarography has been used to measure "labile" and "non
labile" forms of copper, but lability has not been directly related to
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TAB LE 2
SAMPLES FROM THE EPILIMNION OF THE UPPER GREAT LAKES
CONCENTRATIONS (HG/L) OF METALS IN FILTERED WATER
The statistics

year;
s within a lake sampled several times within a
These statistics represent values from many station
Data on Lake Huron,
IJC.
Group,
ce
Referen
Lakes
Upper
the
of
Report
are derived from an unpublished draft of the 1975
Vol. 111, Chapter 5.3.
from
are
r,
Superio
Lake
for
II, Chapter 5.3 and the data
Georgian Bay and the North Channel are from Vol.

NORTH CHANNEL,
LAKE HURON - 1974

LAKE SUPERIOR,
- 1973

Modal
Conc'n.

100
95
5
3
98

S0.
S
l.
2.5
1.5
31.0

l

Percent of
Samples below
D.L.

O

OOOOH

OOONO
.

Detection
Limit

NNI

\D<I

Ln

.
o

H

6

o
H

do m n m 6 m o
q

mm

NF:

NF:

5

95 percentile
Concentration

Modal
Conc'n.

c
NN
I
| r-i I
6
w cw o o w H w m

Nickel
Zinc

72
63
S
3
63
7
46
72

o o ooHoH H

Mercury

Percent of
Samples below
D.L.

NNIDLHOOOO
-

Cadmium
Chromium
Copper
Iron
Lead

Detection
Limit
(D.L.)

1.0
l 0

41
(D.L.)

D.L.

2.0
2.0

.5
5

Percent of
Samples below

Modal
Conc'n.

95 percentile
Concentration

D.L.
98

S0.

70
28
12
38

S
$0
1.
S0

87
54

$0.5
{0.5

00

the data available.
*could not be determined from

l 5

sl 0

O 6

1.0
1 O

SO 2
S0 2
1.0

Detection
Limit

N0

0.5

0 5
l 0

96
94
25
5
90
10
20

95 percentile
Concentration

00000

0 2
0 2

Modal
Conc'n.

3.0

5.0

LAKE HURON,
- 1971

mm
NHNNI

Cadmium
Chromium
Copper
Iron
Lead
Mercury
Nickel
Zinc

Percent of
Samples below

._

6 0
6.0

2.0

10
2

GEORGIAN BAY,
LAKE HURON - 1974
Detection
Limit

_

_

5

95 percentile
Concentration

5.0

*

Specific ion electrodes were used
toxicity to algae (Cachter g£_al., 1973).
While the measured
to measure ion activity of copper (Zitko gt_al., 1973).
ion activity was roughly related to copper toxicity to salmon, an ion activity
Shaw and Brown
below 200 ug/R could only be determined by extrapolation.
(1974) also correlated copper toxicity to trout with ion activity as well as
with estimated concentrations of carbonate complexed and NTA complexed copper.
They concluded that toxicity was best characterized by the total of copper
(II) (= ion activity) and copper carbonate and not by a single form alone.
The standard chemical procedure of acidifying samples to pH 2 solubi

lizes many loosely bound forms of copper (= "acid extractable").

While this

may be undesirable when carrying out toxicity tests, it is an essential
procedure for assessing loadings and for assessing the potential harm of
COXiC forms and reservoirs of copper, as well as temporarily inactive forms
of copper.

Removal of phyto
and zooplankton from a sample is probably unnecessary
because their metal concentrations are low and their contribution to total
metal concentrations in water samples is minor.
For example, copper concentrations in Lake Michigan phyto and zooplankton were 6 and 5 mg/kg wet
weight respectively (Copeland and Ayers, 1972).
Assuming a Lake Erie sea
sonal maximum density of phytoplankton of 14 mg/Q (Vollenweider e£_al.,
1974) and of zooplankton of 1 mg/% (Watson, 1974), the total copper in plankton
would be equivalent to 0.089 ug/£ of copper in the water.
Copper concentrations
in Lake Michigan water average

5

ug/Q (Copeland

and Ayers,

1972).

Thus

in

whole water the maximum error in the metal concentration of the sample during
plankton blooms would be about 2%.
This value may be too high since plankton
in a bloom might deplete the metal ions in the water
being sampled rather

than adding metal ions.

There is also a possibility of zooplankton "swarms"

with densities approaching one gram per litre.
Such "swarms" might contribute
significantly to metal concentrations but the problem could be avoided by not
sampling under such extreme conditions.
In addition, filtration to remove
micro organism could be another problem -- the filter may add or remove ionic
copper (Marvin e£_§l,, 1970).
A further problem may be anomalously high con
centrations of metals in samples obtained from turbid inshore waters affected
by shoreline erosion.
These concentrations should be interpreted with caution.
The measurement of metals in a sample that has been allowed to settle or that
has been filtered could also give erroneous results if metals which are
easily dissolved from particulate matter were removed.
Stiff (1971) has assembled a variety of methods and has outlined an
analytical routine for differentiating various forms of copper.
However,
results of this approach have yet to be correlated to toxicity tests in a
variety of waters and are not suitable for application to routine monitoring.
However, it is hoped that future developments in the methodology for identi

fying the various forms of metals will allow for refinements of objectives.

Obviously any such refinement in the determination of the chemical and physical
specification of an element will also require more elaborate sampling and
storage procedures.

Therefore, until the relationship between metal forms and their toxicity
is firmly established, and until there are reliable methods for monitoring
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such forms,

water quality objectives for metals will refer to total concen-

Vtrations of each metal in an unfiltered, (whole water), digested sample.
Setting Objectives for Metals for Aquatic Biota

Concentrations of metals that are above the level required for the
nutrition of aquatic organisms but which are below their lethal level may
These effects may
produce subtle detrimental effects to their organisms.
range from the inhibition of a single enzyme to failure in reproduction.
The
inhibition of a single enzyme may be of minor consequence or it may contribute
If an aquatic organism is affected in some way by a
to reproductive failure.
the population of that organism may
reproduce,
metal so that it fails to
disappear without evident direct mortality.
Reductions in growth or in the
efficiency of various physiological functions, changes in behaviour, or

occurrence of physical abnormalities may all reduce the probability of success
In particular, avoidance of sublethal
ful reproduction of an organism.
concentrations of pollutants may be harmful to populations of fish by pre
venting migration to spawning areas or favourable feeding areas.

Thus, the objectives for metals are set at safe concentrations for
Safe concentrations are determined as the maximum concen
aquatic species.
trations shown to have no harmful effect on any or all aspects of an aquatic
organism's reproduction, physiology, behaviour, growth or any other function
In addition
or activity essential for the maintenance of its population.
there should be no detrimental effect on a fishery based directly or in
An unsafe concentration is any concentration
directly on that organism.
having a harmful effect.

Safe concentrations are usually developed by laboratory measurements of

sublethal toxicity.

A measurement of concentrations inhibiting reproduction

or producing mortality of a sensitive life stage provides a direct measure
Measurements of concentrations inhibiting
ment of the unsafe concentration.
when the relevance to maintaining a
useful
most
are
processes
physiological
population of the test organism is defined.

3
.
2
l

Safe concentrations may be derived from three measurements:
(a)

The Maximum Acceptable Toxicant Concentration (MATC) as defined by
(1) the lowest
Mount and Stephen (1967) consists of two numbers:
on an organism
effect
harmful
a
having
toxicant
a
of
concentration

(unsafe), and (2) the highest concentration not producing that

effect (safe).

The threshold of response occurs somewhere between

these two concentrations.

(b)

A direct measurement of the threshold concentration causing the
harmful effect.

These data may be less useful if there are no

limits given to the range of threshold concentrations.

The application factor concept provides the third source of data

for objectives since it is the ratio of MATC's to 96 hour LCSO's.

Consequently, an application factor can estimate the MATC for a
Since
particular species after a simple 96 hour L050 measurement.
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TABLE 3
CONCENTRATIONS (us/L) 0F METALs IN FILTERED GREAT LAKES WATER SAMPLED FROM
MUNICIPAL WATER INTAKES BETWEEN 1962 AND 1967 (KOPP AND KRONER, 1970)
DETECTION
METAL

Aluminum

LIMITSe
(Hg/Q)

40

LAKE SUPERIOR
At Duluth
Mean1
Range

11

NBS-26

6

Arsenic

100

Not measured

-

Cadmium

20

Not measured

-

Chromium

10

9

ND ZO

LAKE MICHIGAN

At St. Marys R.
Mean
Range

3

ND-lO

At Milwaukee
Mean
Range

Not measured

--

-

-

-

o

--

ND 7

-

At Gary
Mean
Range

21

ND-58

-

-

-

-

10

ND-l9

LAKE HURON

LAKE ST. CLAIR

At Port Huron
Mean
Range

At Detroit
Mean
Range

24

ND 65

29

-

31

ND 66

-

5

ND 68

LAKE ERIE
At Buffalo
Mean
Range

ND 8

8

ND 13

ST.

LAWRENCE R.

At Massena
Mean
Range

39

ND 148

38

ND 58

7

ND 12

Not measured

7

ND lO

26

ND 112

44

Copper

10

3

3-36

5

2 28

13

ND 34

4

ND 7

10

4-20

8

6 13

24

10-56

7

Iron

10

23

2-83

19

ND l68

20

ND 37

49

ND-114

16

ND 53

23

ND 62

19

4 84

22

ND l7l

Lead
Nickel

40
20

-

6
11

ND-12
ND 28

13
ND

ND zo
ND

34
ND

ND-ss
ND

14
ND

ND-28
ND

21
-

ND s3
S

Not measured
-7

22
7

ND 48
ND-lO

2.6

ND-6.0

ND 23

25

41

ND-ZlO

Silver

Zinc

2

20

- Z
3

Not measured

41

--

-

2-406

13

-

-

1.

Mean of concentrations above limits of detection in extracted samples.

Only two detections: 7 and 20 ug/£.
Only one detection: 2 ug/Q.
Only two detections: 2 and 4 ug/l.

6.

Only two detections:

5.

7.
8.

12

-

ND 17

2.
3.
4.

10 55

-

9

ND-ZO

-

24

-

ND-69

ND = not detected at limits of analytical method.

5 and 20 ug/k.

Only two detections:
13 and 21 ug/£.
Extraction methods allow the measurement of concentration below normal detection limits.

178

64-423

ND-23

there are error limits to both the application factor and the 96-

hour LCSO', a direct estimation of the MATC by experimentation is
preferable.

It is the intent of the Water Quality Board to provide a quality of
Therefore, the
water in the Great Lakes that will protect all water uses.

proposed objectives for the metals that follow are based on the most sensitive
of the defined uses of these Great Lakes waters.
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COPPER
RECOMMENDATION
It is recommended that the following new objective for copper be adopted:

Concentrations of totaZ copper in an unfiltered water sample snouZd not
exceed 5 micrograms per litre to protect aquatic Zife.
RATIONALE
Copper in water originates from mining activities, application of copper
containing pesticides and algicides, burning of fossil fuels, industrial use
in electronics, metallurgy, chemicals production, etc. and corrosion of copper
pipes.
Total copper in water is usually in the form of insoluble particulates,
soluble complexes and soluble divalent ions.
The proportion in each form
depends on the amount of particulate and soluble complexing agents.
These
agents may be materials such as humates or carbonates (Stiff, 1971).
Copper
available to aquatic organisms for acute toxic action appears to be soluble
Cu2+ and, less importantly, CuC03 (Andrew, 1975 and Shaw and Brown, 1974).
On

an experimental basis "toxic" or labile" copper has been estimated by (a)
calculation on the basis of cupric ion concentration,

pH and alkalinity (Pagen

kopf, 1974 and Shaw and Brown, 1974); (b) cupric ion electrode"(Zitko et al.,
1973 and Andrew, 1975) and (c) anodic stripping voltammetry (Gachter e£_al.,

1973).
These measures of toxic copper have yet to be adapted to field studies
of copper toxicity and therefore most laboratory estimates of sublethal toxicity
to aquatic biota are based on measurements of total copper.
There is also a
possibility that complexed, precipitated copper may ultimately have a toxic
effect on benthos.
The concentrations of copper in the Great Lakes are dependent on local
inputs.
In parts of Georgian Bay and Lake Superior, for example, copper
concentrations

are shown to rise

in

the spring

(Star File data

summaries,

Canada Centre for Inland Waters, Burlington and M.W.R.C., 1975).
Possibly,
the copper accumulated during the winter from aerosol fallout is transported
to the water during the runoff period of the first snow melt.
The model copper
concentrations in the upper lakes offshore are less than 2.5 ug/Q, and 95% of
the measurements are less than 5.0 ug/l.
Chau et a1. (1971) in their review
of the variation of filtered copper in Lake Ontario showed that concentrations
were highest in the western and eastern portions of the lake and that the high
copper concentrations were associated with high iron concentrations, possibly
because of human activity.
The average copper concentrations in water intakes
are shown to be as high as 24 ug/R, with maxima of less than 60 ug/Q and
minima of 2 ug/l (Table 3). Water intakes are more likely to be influenced by
effluents from local industrial or municipal sources than are offshore areas.

There is evidence that copper loadings from man's activities contribute
significantly to these observed concentrations.
For example, in soils from
bluffs eroded into Lake Erie, copper concentrations are about 27 ug/g.
In
deep cores representative of pre colonial times, Lake Erie sediments contain
about 29 ug/g.
However, in recent sediments, the concentration is doubled to

about 57 ug/g (Kemp §£_§l,, 1976).

This suggests that man's activities account

for 50% of the total animal input of copper to Lake Erie.
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Copper is a constituent of many metalloenzymes and respir
atory pigments
and is an essential element for bacteria, fungi, blue green
algae, green

algae, angiosperms, invertebrates and vertebrates
(Bown, 1966).
In public
water supplies, copper presents an aesthetic rather
than a toxicity problem.
Since oral toxicity to adults is low, the U.S. drinki
ng water standard is set

at 1,000 ug/

while the objective is less than 10 ug/2 (DNHW, 1969).

Concentrations of copper resulting in acute toxicity
to organisms varies
considerably with the hardness or alkalinity of water
because the concentrations
used during short term LC50 tests are close to the limits
of solubility of
copper.
On the other hand, concentrations of copper that are safe
for aquatic
organisms may vary somewhat with the species being
tested and the response
being measured, but vary only slightly with water chemist
ry because copper
concentrations are below the limits of solubility of copper.
Freshwater algae are quite sensitive to copper.
Concentrations inhibiting
respiration, photosynthesis, and growth are generally between 200
and 800 ug/l

(Wong, 1975). However, photosynthesis of Chlorella pyrenoidosa was reduced
60% by only 20 pg/Q copper (Nielsen et_al,, 1969). Nielsen e£_al, (1969)
also

showed that toxicity varied with exposure time, light intensi
ty, initial cell
concentration and composition of the medium.
Obviously data for copper toxicity
to algae of the Great Lakes should be derived from bioassays modellin
g Great
Lakes conditions.
In addition, synergistic effects on algae of copper and
nickel have been noted, as well as heavy
metaltolerance (Stokes and Hutchinson,
1975).
These factors should be considered in future studies.
Growth of snails (Campeloma decisum, Physa integra) was reduced significantly

between 8.0 and 14.8 ug/£ of copper (Arthur and Leonard, 1970) while growth
of

crayfish, Orconectes rusticus was reduced at 15 ug/£ (Hubschman, 1967).
Mortality of young Gammarus pseudolimnaeus prevented completion of life
cycles

between 4.6 and 8.0 ug/2 (Arthur and Leonard, 1970).
Reproduction of Daphnia
magna was reduced by 16% at 22 ug/R copper and by 50% at 35 pg/R copper after
3 Weeks exposure in Lake Superior water of 45 mg/R hardness.
The 3 week LC50
was 44 ug/ copper (Biesinger and Christensen, 1972). Activity and feeding of
Daphnia magna were reduced at 27 ug/l copper in Lake Erie water of about 120

mg/K hardness (Anderson, 1948).

Atlantic salmon (Salmo salar) avoided 2.4 Ug/£ of copper in the laboratory.
In a tributary of the Miramichi River, New Brunswick, a spawning run of adult

salmon was reversed when copper and zinc concentrations were 19 and 240 ug/Q,

respectively (Sprague et al., 1965).

It is impossible to tell if zinc increased

or decreased the avoidance of copper by the salmon. The net result was that
reproduction was prevented by a failure to reach spawning beds.
_

Cough frequency of brook trout increased between 6 and 15 ug/l of copper

(Drummond et al., 1973). This provided an early indication of detrimental
Effects due to iong-term exposures since alevins of brook trout died between

9.5 and 17.4 pg/2 (McKim and Benoit, 1971).
Further exposures of second
generation brook trout confirmed that 9.5 Ug/£ was safe for alevins (McKim and
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Benoit, 1974).
Larvae of bluegill also appeared quite sensitive to copper
Since mortality occurred between 21 and 40 ug/l of copper (Benoit, 1975).
This was about twice the concentration required to kill brook trout larvae.

Fathead minnow (Pimephales promelas) reproduction in the presence of

In soft
copper has been studied using several different dilution waters.
of
ug/R
18.4
and
10.6
water of 30 mg/2 hardness, a concentration between

At 200
copper was effective in blocking spawning (Mount and Stephen, 1969).
(Mount,
copper
mg/2 hardness, spawning was prevented between 14.5 and 33 ug/l

During long and short term exposures of fathead minnows to copper at
1968).
200 mg/2 hardness, egg production was severely reduced between 24 and 37 ug/l,
on).
regardless of the length of exposure (Pickering g£_alj submitted for publicati
minnows
These results suggest that the safe concentration of copper for fathead
ns.
conditio
constant
under
hardness
water
with
degree
great
does not vary to a
indicates
on)
publicati
for
d
(submitte
et_al.
Pickering
by
In addition, the study
that only short term elevations of copper concentrations above safe levels
during the spawning period are required to block fathead minnow reproduction.
In a field
The above were all laboratory studies under ideal conditions.
plant,
treatment
sewage
a
by
enriched
study, using water of variable quality

Brungs_g£.al. (1976) found that egg production and spawning success of fathead
minnows were reduced between 66 and 118 ug/l copper. Hardness, pH, dissolved

oxygen, total dissolved solids and many other parameters varied continuously.
Therefore, it is difficult to compare these results with other studies since
each parameter could affect both the solubility of copper, the physiology of
It is impossible,
the organism, and the biological availability of copper.
from the field study, to identify which chemical characteristic of water, or
combination of characteristics, influenced the response of fathead minnows to
The chemical characteristics of water of the Great Lakes, however,
copper.
In addition, alkalin
are relatively constant due to the lakes' large volumes.
less than in the
much
are
lakes
the
in
etc.
solids,
dissolved
hardness,
ity,
is 135 mg/1
Ontario
Lake
in
hardness
maximum
the
example,
For
study.
field

that in the field study was 352 mg/l.

Therefore, the laboratory data probably

provide the best data for consideration of the effects of copper in the Great

Lakes.

Copper concentrations in aquatic biota are generally low.

Copeland and

Ayers (1972) measured 6 and 5 ug/g in phyto and zooplankton, respectively, in
In animals from the Illinois River, Mathis and Cummings (1973)
Lake Michigan.

measured the following mean concentrations:

Tubificids:

23 ug/g

Clams:

1.2 1.7 ug/g

Fish fillets:

0.07

0.19 ug/g

0.10

0.24 ug/g

(Carnivorous)

Fish fillets:
(Omnivorous)

These results suggest no food chain bioaccumulation.

However,

since only

muscle of fish was measured, bioaccumulation cannot be adequately assessed.

In

Great Lakes fish, average copper in whole fish ranged from 0.8 - 2.7 ug/g (Lucas

and Edgington, 1970) in fish livers from 1.5

28 ug/g (Lucas and Edgington,

1970), and in fish fillets from 0.5 - 1.28 ug/g (Uthe and Bligh,
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1971).

The

concentrations varied little from lake to lake.
However, in a more recent
study, Brown and Chow (1975) showed that coppe
r concentrations in fish muscle

from Baie du Dore, Lake Huron averaged 0.45 ug/g while
those in fish muscle

from Toronto Harbour averaged 1.93 pg/g.
This suggests that local copper
contamination may be reflected in fish muscle
concentrations.
Experimental
exposures of brown bullheads to copper did not
produce significant accumulations
of copper in the opercle, red blood cells
or blood plasma (Brungs et al.,
1973).
However, there was a significant accumulati
on in the gillsj kidney and
liver

at water concentrations of 27

53 pg/R.

These residues have not been

associated with any harmful effects on bullhe
ads.

Although copper concentrations in fish tissue
s may indicate exposure of
fish to copper, there have been no harmful effect
s to fish or to consumers of
fish reported at present measured copper concentratio
ns in the Great Lakes.
Therefore, no objective for copper in fish tissue
s is recommended.
The data from laboratory studies of fish reproduction
suggest an objective

for copper alone in water of 10 ug/Q.

Eaton (1973) found that fathead minnow

spawning success and egg production were reduced betwee
n 5.3 and 6.7 ug/l
copper when low concentrations were 3.9 and 27.3 Ug/
, respectively, when no
effect was observed and 7.1 and 42.3 ug/Q, respec
tively, when reproduction was
affected.
Since all three metals could occur simultaneously
at these concen

trations in the Great Lakes and since the young of Gammar
us pseudolimnaeus are

very sensitive to copper, an objective for copper of
5 ug/Q is recommended.
This objective is very close to copper concentratio
ns measured offshore in the
Great Lakes (Table 2).
Since only total copper concentrations were measured
during monitoring and sublethal toxicity studies in
the laboratory, the relation
ship between toxicity and the amount of copper availa
ble for toxic action is
unknown.
In other words, measured total copper concentrations
in the lakes
exceeding the objective may be harmless if the copper
is complexed and unavail

able to aquatic organisms.

Until adequate methods for assessing this situation

are available, the objective will refer to total copper.
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IRON
RECOMMENDATION
It is recommended that the following revised objective for iron be
adopted:

Concentrations of totaZ iron in an unfiltered water sampZe should not
exceed 300 micrograms per Zitre to protect aquatic life.
RATIONALE
Iron is present in high concentrations in most rocks and soils, as well
as in ore deposits.
Input to the Great Lakes originates with weathering of
rocks and soils; mining and processing of iron ores; steel making and metal
fabricating; burning of fossil fuels; corrosion of iron or steel products in
use; and corrosion of iron or steel products in junkyards, dumps and stream
beds.
Total iron concentrations in water may easily exceed 1,000 ug/R.
How
ever, much of this iron may be in the form of suspended insoluble hydroxides
or as a complex of an organic molecule such as a humic acid.
The amount of
iron in an insoluble nonionic form will approach 100 percent in waters of
high dissolved oxygen because the ferric [Fe(III)] form predominates and it
is relatively insoluble.
In waters of low dissolved oxygen, iron may be
reduced to the ferrous form [Fe(II)] and some iron will be in solution as an
ion.
This is accentuated by the fact that ferrous iron may be released from
lake sediments if the water above the sediments becomes totally anaerobic;
the release of iron being the result of a shift in the redox potential below
a critical level at the sediment surface (OMB, 1974).
Total concentrations of iron the Great Lakes average less than 120
Ug/l, (CCIW, unpublished data).
Concentrations of iron passing a 0.45 u
filter are less than 7 ug/R in 95% of all samples (Table 2).
Inshore, iron
in filtered samples average less than 50 ug/Z in water intakes and concentrations never exceeded 200 ug/£ (Table 3).
In waters adjacent to known
sources of iron in the Great Lakes, concentrations may be much higher.
For
example, in Hamilton Bay in 1972, total iron concentrations were always
greater than 200 ug/k, and most samples were between 300 and 700 ug/ .

Some samples were recorded as high as 3,700 ug/R (OME. 1974)-

Iron is an essential element for all organisms.
It is a catalyst that
activates a number of oxidases, and it is a constituent of many oxidizing

metalloenzymes, respiratory pigments and proteins of unknown function (Bowen,

1966)-

Because iron can exist in oxidation states ranging from Fe(II) to

Fe(VI), it is useful in a wide variety of biological processes. However, its
low solubility in the ferric [Fe(III)] form means it is absorbed very poorly
from drinking water

(Jacobs and Worwood, 1974).

deficiency anemia may

adequately absorb iron,

This explains why iron

OCCUrwhere iron is found in drinking water.

To

the iron must be reduced to the ferrous state or

complexed with an organic or

inorganic

ligand that can be taken up by
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the

Some components of food (e.g.
organism across the gut or through the gills.
other (e.g. oxalates) may
meat proteins) may enhance iron absorption while
inhibit it (Jacobs and Worwood, 1974).
appear at concentrations
Iron is moderately toxic to plants (toxic effects
The mode of
1966).
between 1 and 100 mg/2 in the nutrient solution Bowen,
Iron is
sphate (ATP).
toxic action appears to be binding of adenosine tripho
between 100 and 1.000
only slightly toxic to animals when taken orally (L050
iron is rarely
of
ty
toxici
s,
In mammal
ug/g body weight -Bowen, 1966).
en of large
childr
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ption
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1973).
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s
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has been water supply.
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lations in distribution systems, staining of basins and
Water
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The Subcommittee reviewed the recomme
spotting of laundry.
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Quality Criteria 1972 (NAS/NAE, 1973) and concluded that on
le
insolub
preference and because the defined treatment process can remove
be
not
should
iron but may not remove soluble iron, 300 ug/K soluble iron
for
limit
In Canada, the acceptable
exceeded in public water supply sources.
than
ve is less
dissolved iron in drinking water is 300 ug/K while the objecti
50 ug/% (DNHW, 1972).
to its
The harmful effects of iron in aquatic systems are also related
ristics
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physical
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of
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Iron can cause
aqueous chemistry.
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iron
of
flocs
Loose
of streams and lakes by precipitation.
productivity.
cause turbidity, reduced light penetration and reduced primary
behaviour
visual
on
rely
that
s
Presumably, reproduction of aquatic organism
iron flocs
ated
precipit
of
High concentrations
cues would also be affected.
pavement
form
to
ate
can also smother bottom fauna and, with time, consolid
like areas on the bottom of streams or lakes (U.S. E.P.A., draft, 1975).
Obviously, organisms that burrow eggs or that require loose gravel through
which oxygenated water can flow will not survive.
The direct detrimental effects of iron on aquatic organisms result from
(1) reduced pH due to hydrolysis of iron salts; and
two separate mechanisms:
The
(2) effects of ferric hydroxide precipitate at neutral and basic pH's.
Board
Quality
Water
the
of
A
Appendix
in
discussed
were
pH
low
of
effects
Report to the IJC in 1974. and an objective was recommended.
McLean (1974) only
Tolerance of iron by algae varies with the species.
than 450 ug/R
less
containing
waters
with
glomerata
associated Cladgphora
iron concen
with
waters
in
found
was
however,
tenue,
ium
Stigeoclon
of iron.

trations up to 10,000 ug/Q.

The 96 hour LCSO's of iron
Invertebrates are fairly sensitive to iron.
a subvaria), and a
(Ephemerell
mayfly
a
for a stonefly (Acroneuria lycorius),
caddisfly

(Hydropsyche bettoni) were

>16,000,

=320 and

>16,000 ug/Q,

res-

Mayflies were more sensitive than other
pectively (Warnick and Bell, 1969).
species to iron and this was also true for eight other metals (Warnick and
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Bell, 1969).
Reproduction of Daphnia magna was reduced to 50 percent and 16
percent of control values by 5,200 and 4,380 ug/R, respectively and the 3
week LC50 was 5,900 pg/K (Biesinger and Christensen, 1972).
The safe concentration for reproduction and growth of Gammarus minus was less than 3,000
pg/Q (Sykora_gt 31., 1975).
_"

Fish are also affected by iron.
Smith et a1. (1973) observed reduced
survival of fry, and a 50 percent reduction in egg hatchability of fathead

minnows (Pimephale§_promelas) at 1,500 pg/Q.
However, brook trout (Salvelinus ghtinalis) egg hatchability was affected only at concentrations above
12,000 Dg/
(Sykora et a1., 1975). The safe concentration for brook trout,
based on mortality of juveniles, was between 7,500 and 12,520 ug/l.
While

there

is

considerable

variation in acceptable concentrations,

there is general agreement that the hydroxide precipitate interferes with
respiration through the chorion in fish eggs and impairs gill function of
gill-breathing organisms by occlusion of the lamellae.
Warnick and Bell

(1969) and Smith eta lf (1973) have identified these effects at or near 1,000
pg/R.
Sykora et a1. (1972) found that the fine floc formed at low iron

concentrations (1,500 ug/Q) caused more damage to fathead minnow eggs than
the large floc formed at high iron concentrations.
Therefore, in order to
protect all forms of aquatic organisms, formation of ferric hydroxide floc
should be limited.
A ferric hydroxide floc should not form at total iron
concentrations less than 300 ug/Q (NAS/NAE, 1973).

The water quality objective for iron, as specified in Annex 1, paragraph
1(f) of the Canada-U.S. Agreement on the Great Lakes is, "levels should not
exceed 0.3 milligrams per litre".
Since this was based on filtration of raw
water to protect public water supplies, it did not provide an objective for
the iron hydroxide floc.
Therefore. to protect raw water for public water
supplies, and to prevent harm to aquatic biota, it is recommended that the

objective for total iron in unfiltered water be 300 pg/R.
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NICKEL
RECOMMENDATION
It

is recommended that the following new objective for nickel be adopted:

Concentrations of total nickel in an unfiltered water sample should not
exceed 25 micrograms per litre to protect aquatic life.
RATIONALE
Nickel is both produced and used on a large scale in the Great Lakes
Basin.
Production is centered in the Sudbury area and use is centered in
the lower Great Lakes.
Nickel is used primarily in metallurgy, metal fab
ricating and production of nickel pigments.
The total used in the Great
Lakes Basin was about 4.5 million pounds in 1968.
Nickel enters the waters
of the Great Lakes directly or indirectly from atmospheric inputs due to
burning of fossil fuels, processing of nickel ores, waste incineration and
possibly from gasoline to which nickel is added (Fenwick, 1972).
Direct
inputs to water may occur from manufacture of nickel pigments, nickel con
taining alloys, or nickel plated metal products.
Nickel salts are quite
soluble but occur naturally only at very low concentrations (Fenwick, 1972).
Modal nickel concentrations offshore in the upper Great Lakes are less
than 5.0 ug/K.
Nickel is often not detectable in lake water and 95% of
samples are less than 6.0 ug/£ (Table 2).
In water intakes, nickel concen
trations are higher, with means as high as 11 ug/R and individual samples as
high as 28 ug/R.
However, nickel is often not detectable in water intakes
(Table 3).
There is some evidence for nickel contamination of Georgian Bay,
perhaps due to fallout in the Sudbury Watershed from nickel smelting ope
rations (CCIW, Star File).
Nickel has not been identified as a nutrient or essential element for
plants and animals (Bowen, 1966; Underwood, 1971).
Therefore, the principal

biological activity of nickel is as a toxicant. Nickel toxicity to wildlife
has not been reported but toxicity to man and experimental mammals has been
demonstrated.

The principal toxic actions are dermatitis following exposure

to nickel in plating solutions and induction of lung cancer after chronic

inhalation (Smith, 1972).
Oral toxicity of nickel is extremely low, since
concentrations greater than 1,000 ug/g in food are required to reduce growth

of rats and mice (Underwood, 1971).

There are no drinking water or livestock

water criteria for nickel (NAS/NAE, 1973; DNHW, 1969).

Nickel is classified as very toxic to plants by Bowen (1966) (toxic

effects observed at concentrations below 1 mg/R in a nutrient solution).
However, some fungi and plants are adapted to grow in high concentrations

(Bower, 1966). This tolerance has also been observed in algal populationS.
'Growth of "normal" Scenedesmus was inhibited 100 percent by 500 ug/R nickel
while 1,500 ug/R were required to produce the same effect in "tolerant"

§£§E§§2§E§§ (Stokes et al., 1973).

These algae had originated from lakes in

the Sudbury region cantaminated by nickel.
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Other species of algae appear

less sensitive, with toxic effects being observed at l,500 10,000 ug/R
It w0uld appear that algae are less sensitive than terrestrial
(Wong, 1975).

plants according to Bowen's (1966) definition.
to be overly toxic to algae by itself,

While nickel does not appear

recognition must be given to the

synergistic effect of nickel on copper toxicity to algae (Stokes and Hut
chinson, 1975).

Acute nickel toxicity to invertebrates varies with the species.

The 96

hour LC50's for a stonefly (Acroneuria sp.), a mayfly (Ephemerella subvaria)
and a caddisfly (Hydropsyche bettoni) were 33,500, 4,000 and >14,000 pg/Q.
respectively, (Warnick and Bell, 1969).
The 48~hour LC50 for Daphnia magna

in Lake Superior water was 1,120 ug/R in the presence of food and 510 ug/R

in the absence of food (Biesinger and Christensen, 1972).
The 64 hour EC50
for immobilization of Daphnia magna in Lake Erie water was >700 pg/R (Ander

son, 1948).
Chronic three week nickel exposures to Daphnia magna caused 50%
mortality at 130 ug/R and 50% and 16% reproductive impairment at 95 and 30 pg/Q,
respectively

(Biesinger and Christensen,

1972).

Acute nickel toxicity to fish is less than that of copper or zinc.
The
48 h0ur LC50 for rainbow trout is 32,000 ug/R while those for copper and zinc
were 750 and 4,000 Ug/l, respectively (Brown and Dalton, 1970).
The 96-hour

LC50 for fathead minnows is 2,500-2,800 ug/R at a hardness of 210 mg/2
(Pickering, 1974).

In static bioassays,

the 96 hour LCSO for fathead minnows

was 5,000 ug/R at 20 mg/2 hardness and 43,000 pg/Q at 360 mg/2 hardness
(Pickering and Henderson,
In chronic exposures,

1966).
reproduction of fathead minnows was unaffected by

380 ug/R nickel but 730 ug/Q reduced egg production and hatchability of eggs
(Pickering,

1974).

The nickel content of fish is normally quite low.
Uthe and Bligh (1971)
found nickel concentrations uniform1y below 0.2 ug/g in fillets of Great
Lakes fish.
They noted no variation with location or species of fish.
In a
survey of an Illinois River ecosystem, nickel concentrations decreased from

the sediments (27 pg/g) to tubificid worms (11 ug/g) to clams (1.5 ug/g) to

omnivorous fishes (0.17 ug/g) to carnivorous fishes (0.12 ug/g) to water (2
ug/R) (Mathis and Cummings, 1973).
Therefore, the concentrations decreased
with increasing trophic level.
Kariya e£_al, (1965) showed that, at lethal
concentrations of nickel in water, nickel levels in fish increased from not

detectable to as high as 70 ug/g.
However,

able.

at low,

Therefore,

but

still lethal concentrations,

nickel was not

detect

there are no concentrations of nickel that have been asso

ciated with sublethal toxicity.

Since a nickel oral toxicity to fish consumers

is not defined, no objective for nickel concentrations in fish is recommended.

For the protection of aquatic life, an objective of 25 pg/Q is recommended

for nickel in water.

58

LITERATURE CITED

Anderson, B.G.
1948.
The apparent thresholds of toxicity to Daphn
ia
magna for chlorides of various metals when
added to Lake Erie
water.
Trans. Am. Fish. Soc. 78:
96 113.
Biesinger, K.E. and G.M. Christensen.
1972.
Effects of various metals
on survival. growth, reproduction and metabolism
of Daphnia magna.
J. Fish. Res. Board Can. 29:
1691 1700.
Bowen, H.J.M.
London.

1966.
241 pp.

Trace elements in biochemistry.

Academic Press,

Brown, V.M. and R.A. Dalton.
1970.
The acute lethal toxicity to rainbow
trout of mixtures of copper, phenol, zinc, and nickel.
J. Fish.
Biol. 2:
211 216.
DNHW.

1969.
Canadian drinking water standards and objectives, 1968.
Prepared by the Joint Committee on Drinking Water Standar
ds of the
Advisory Committee on Public Health Engineering and the
Canadian
Public Health Association.
Published by the Department of National
Health and Welfare.
Ottawa.
39 pp.

Fenwick,

P.D.

1972.

The use

of

selected metals and metallic

by industry in the Canadian Great Lakes Basin.
Inland Waters, unpublished manuscript.

compounds

Canada Centre for

Kariya, T., K. Kawase. H. Haga, and T. Tsuda.
1968.
Studies on the
post mortem identification of the pollutant in the fish killed by
water pollution.
VII.
Detection of nickel in the fish.
Bull.
Jap. Soc. Sci. Fish. 34:
285 390.
Lucas, H.F., Jr., D.N. Edgington and P.J. Colby.
1970.
Concentrations
of trace elements in Great Lakes fishes.
J. Fish. Res. Board Can.
27:
677 684.

Fed.

and T.F.
and biota

45:

Cummings.
in

1573 1583.

the

1973.

Illinois

Selected metals in sediments,

River.

J. Water Pollut.

Contr.

NAS/NAE.
1973.
Water Quality Criteria, 1972.
National Academy of
Sciences, National Academy of Engineering for Ecological Research
Series. Environmental Protection Agency, Washington D.C., EPA-R3
73-33.
Pickering, Q.H.
1974.
Chronic toxicity of nickel to the fathead
minnow.
J. Water Pollut. Contr. Fed. 46:
760 765.
Pickering,

Q.H.

and C.

Henderson.

1966.

The acute toxicity of some

heavy metals to different species of warmwater fish.

Pollut. Inter. J. 10:

453 463.

59

Air and Water

.2 awn-4...-..

B.J.

water,

ram. awn . . 1 a...*

Mathis,

Heavy metal
1973.
Stokes, P.M., T.C. Hutchinson, and K. Krauter.
tolerance in algae isolated from contaminated lakes near Sudbury,
Ontario.
Can. J. Bot. 51:
2155 2168.
Smith,

R.G.

1972.

Five of Potential

Contaminants and Human Health,

Significance.

1n:

Metallic

Academic Press, New York, 1972.

241

PP-

Trace elements in human and animal nutrition.
1971.
Underwood, E.J.
543 pp.
Press, New York and London.
Academic
Edition,
3rd

Preliminary survey of heavy metal
1971.
Uthe, J.F. and R.G. Bligh.
J. Fish. Res. Board
fish.
freshwater
Canadian
of
contamination
Can. 28:
786 788.
The acute toxicity of some heavy
1969.
Warnick, S.L. and H.L. Bell.
J. Water Pollut.
insects.
aquatic
of
metals to different species

Contr.

Fed. 41:

280 284.

60

v 4, W1
SILVER
RECOMMENDATION
It is recommended that the following new objective for silver
be
adopted:

Concentrations of total silver in an unfiltered water sample should
not exceed 0.] micrograms per litre to protect aquatic life.
RATIONALE

Silver occurs in the native state as a constituent of various
natural
alloys and in a great variety of minerals combined with sulfur, antimony
,
arsenic, tellurium and selenium (Boyle, 1968).
The average silver content
of soils is about 0.10 mg/kg and certain coals contain considerable amounts

of silver (2 10 mg/kg in the ash).
iodide,

The silver halides, such as silver

are relatively insoluble in water in contrast to silver nitrate,

the most common salt.
A very comprehensive review of the sources, use,
distribution, losses to the environment and human health aspects of silver

has been prepared by Carson and Smith (1975).

The results of calculated particulate emissions of trace elements from
air pollution sources in Chicago, Milwaukee and northwest Indiana indicate
that approximately 3,000 kg per year of silver, attributed totally to fuel
oil, enters the atmosphere in the vicinity of Lake Michigan (USEPA, 1972).
Photoprocessing is also a source of silver.
The mean silver concentration
in effluent from a photographic industry's activated sludge plantwas 70
Ug/R.
In the Genessee River, downstream from another photoprocessing
plant, silver concentrations were as high as 260 ug/£ although most samples
were less than 20 ug/ .
Water in a nearby Lake Ontario water intake had a

concentration of 1 ug/% silver, and sediments of the Genessee showed elevated

silver concentrations (Bard et al., 1976).

Other sources of silver emissions to the environment are from mining
and processing of silver ores, industrial electronics use, and cloud seeding

With the silver halides. Analyses of various effluents from municipal
wastewater treatment plants indicated silver concentrations from 0.05
Ug/R (Carson and Smith, 1975).

45

Copeland and Ayers (1972) found an average of 0.3 ug/R silver in Lake
Michigan waters.
In a survey of trace metals in the waters of the United
States, Kopp and Kroner (1967) indicated that silver was detectable in less
than 7 percent of all samples with a mean observed value of 2.6 ug/k.
The greatest occurrence of silver was in the Colorado River basin where it

was observed in 18% of the samples at a mean concentration of 5.8 pg/l.

In the St. Lawrence River, concentrations in water from inshore intake
Pipes ranged from non detectable to 6 ug/R.
The mean concentration was 2.6

Ug/Q- These concentrations are suspiciously high in light of toxicity data
and the much lower values observed by Copeland and Ayers (1972) and Bard et

31. (1976).

They suggest either local inshore contamination or deficiencies

a w

in the analytical procedures.
Silver has not been included in past monitoring
0f offShore water quality in the Great Lakes.
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There are few data on mammalian toxicity of silver.

In rats, the 24

lated in the
48 hr. LD50 for AgN03 was 25.2 mg/kg and the silver accumu

heart, lungs,

spleen,

kidney and liver (DeQuidt et al.,

1974).

Quality

for domestic
Criteria for Water (EPA, 1976) recommends a limit of 50 ug/Q

ng argyria, a localized
water supplies based on various human symptoms includi
Argyria in
on.
ingesti
ed
prolong
skin discoloration (greyness) following

the eye

n
can lead to blindness and in the lung to interference in functio

In Canada,
(Carson and Smith, 1975).
is also 50 Ug/£ (DNHW, 1969).

the maximum permissible concentration

A survey of silver toxicity to bacteria showed that growth of Mycobac
inhibited by 10
terium, the most sensitive species tested, was completely
Growth of Aspergillus niger, the least sensitive
ug/% (Golubovitch, 1974).

species, was completely inhibited by 500 ug/£.

Silver is classified as very toxic to plants by Bowen (1966) who
observed toxic effects at concentrations below 1 mg/R in the nutrient

and
solution. Growth of Chlorella pyrenoidosa, Chaetoceros galvestonensis
ald,
(Fitzger
silver
of
ug/K
100
by
d
inhibite
ly
complete
Cyclotella nana was
1967; Hannan and Patouillet, 1972). A concentration of 420 ug/Q was highly
e
toxic to six species of algae (Palmer and Maloney, 1955). The most sensitiv

Scenedesmus demonstrated no increase in
alga appears to be Scenedesmus sp.
30
'cell growth after five days exposure to a concentration of silver of

ug/l (Bringmann and Kuhn, 1959).

After 24 hours, 50 percent
Invertebrates are also sensitive to silver.
ated at a concen
incapacit
or more of Daphnia magna were dead or obviously

tration of 19 ug/R silver (Bringmann and Kuhn, 1959).

After 64 hours, 50

percent of Daphnia magna were immobilized at a concentration of silver of

3.2 ug/l (Anderson, 1948).

Fifty percent of a planarian population (Polycelis

nigra) were killed within 2 days at an exposure to silver of 150 ug/R (Jones,

1940).

Nehring (1973) tested the response of several aquatic insects to

silver. The 15 day LC50 for silver for mature stonefly naiads (Pteronarcys
Immature naiads of the same species were more
californica) was 8.8 ug/l.
Nearly all mayflies (Ephe
sensitive with a 7 day LCSO of less than 4 ug/%.

merella grandis) were killed in concentrations of silver as

after 10 days.

low as 9 ug/R

The largest bioconcentration factor was about 300 times with a

tissue level of 20 mg/kg.

The 96 hr.

LC50's for Mercenaria mercenaria

(hard

clam) and Crassostrea virginica (oyster) were 21 and 5.8 ug/% respectively in
(Calabrese and Nelson, 1974; Calabrese and
seawater at a temperature of 26°C.
of the nematode Pratylenchus penetrans, a
control
"Effective
1973).
Collier,

plant parasite, was achieved with 10 ug/R silver, although other nematodes
First stage larvae of a
were less sensitive (Pitcher and McNamara, 1972).
orientation to light at
their
changed
serratus,
marine crustacean, Palaemgn
Larvae of
hr. LCso.
96
the
to
similar
s
concentration
200 500 ug/l silver,
ug/l and a
100
10
of
LCSO
96-hr.
a
with
Carcinus maenus were more sensitive

change in photokinesis at l ug/Q (Amiard, 1976).
Jones (1939)

exposed sticklebacks

(Gasterosteus aculeatus)

for 10 days

and observed no mortality different from the controls at a silver concentration
of 3.0 ug/%.

At higher concentrations, mortality was increased.

62

Bluegills
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(Lepomis macrochirus) and largemouth bass (Micrgpterus salmoides) were exposed
to silver nitrate at concentrations of 77 and 0.9 ug/Q (Coleman and Cearley,
1974).
At 77 ug/R, all of the largemouth bass died within 24 hours while the

bluegill survived for six months.

Tissue concentrations equilibrated within 2

months of exposure and resulted in a maximum bioconcentration factor of approx
imately 200 times.
The 96 hr. LC50 for killifish (Fundulus heteroclitus) was
40 ug/R while 30 ug/Q inhibited hepatic alkaline phosphatase, xanthine oxidase,
catalase and RNA ase and 20 ug/Q increased activity of hepatic o amino levulinic
acid dehydratase (Jackim, 1973).
A two month exposure of rainbow trout starting with the egg stage resulted
in a total mortality of the fish at all concentrations equal to or greater

than 2.5 ug/Q (Goettl et al., 1973).

Hatching of the eggs was greatly acce

lerated at those concentrations and this caused insufficiently developed
larvae.
At a concentration of 1.2 ug/Q there was a 40 percent mortality and
the next lower concentration of 0.6 ug/Z resulted in reduced growth of the

rainbow tr0ut.

In a subsequent study (Goettl et al., 1974) there was a signi

ficant reduction in growth after nine months at a concentration of silver of
Premature hatching of eggs and retarded sac fry development occurred
0.69 ng/Q.
After 18 months, percent
at silver concentrations of 0.69, 0.34 and 0.17 ug/R.
mortality for the various
concentrationsof silver were:
0.69 ug/Q, 95%; 0.34

Ug/Q, 49%;

0.17 pg/Q, 36%; and at 0.09 ug/Q, 17%.

was not different

from that

of the control.

The mortality at 0.09 ug/

Goettl and Davies

(1975)

continued

their studies on silver toxicity by using silver iodide (solubility = 0.3
ug/R)

in

contrast

to

earlier studies

that used silver nitrate.

The exposure

began with rainbow tr0ut eggs and after three months exposure there was signi

ficant mortality of fry after swim up at concentrations of 0.19 pg/K and

A concentration of 0.11 Ug/R was not significantly different from the
ab0ve.
More recent data presented by Davies (1976) show that mortality of
control.

fry after swim-up decreased from 38% at 0.50 pg/Q silver to 18% at 0.13 ug/Q.

There was no control mortality, and 3% mortality at

.07 ug/Q.

Davies

recommended a concentration between .07 and .13 ug/l as being "safe".

(1976)

Freeman (1975) studied the annual atmospheric and hydrologic silver

budget of an alpine lake system.

In this area silver iodide is the most

Silver
widely used precipitation nucleating agent for weather modification.
or
generators
surface
by
atmosphere
the
iodide is commonly injected into
airborne pyrotechnic flares. Sub-micron silver iodide particles are thus

introduced into the atmosphere. Routine burn rates range from 0.1 to 0.5 g of
The amount of
silver iodide per minute for periods ranging from 2 8 hours.
the concen
and
seeding
of
success
the
on
silver falling in rain will depend
typical
Some
water.
to
seed"
tration will depend on the ratio of "silver
seeding
cloud
by
affected
values for rainfall are l~216 ng/R while rainfall

Snow affected by cloud seeding contained 110 ng/%
may contain 1-4,500 ng/Q.
Concentrations of silver in muscle
during one study (Carson and Smith, 1975).
y, were
0f cutthroat trout, determined by atomic absorption spectrophotometr

'from 0.11 to 0.37 mg/kg. The concentrations in the bone ranged from 2.6 to 4.4
and in the liver from 0.29 to 2.32 mg/kg.

ranged from 0.24 to 0.76 ug/l.

appear to range from 140
bone of up to 18,000.

Concentrations in the water itself

Concentration factors for liver and muscle

10,000 with a potential concentration factor for
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Copeland and Ayers

the average

(1972) determined

trations in Lake Michigan using neutron activation.

trace element concen

The concentration in

water was 0.3 ug/l; sediment, 0.6 mg/kg; zooplankton, 0.04 mg/kg; benthos
0.10 mg/kg; phytoplankton. 0.09 mg/kg; and fish, 0.01 mg/kg. The fish
samples were the edible portions and all results are based on wet weight.
The observed silver concentration factors in Lake Michigan biota were:
phytoplankton, 300; zooplankton, 133; and benthos, 330.

Silver concentrations were also measured in various species of fish in
Only muscle fillets were analyzed
Lake Michigan by Copeland, et al., (1973).
The residues
using neutron activation with results based on wet weight.

were: coho salmon, 0.034 mg/kg; yellow perch, 0.028 mg/kg; lake trout,
0.036 mg/kg; brown trout, 0.044 mg/kg; and Whitefish, 0.032 mg/kg. Whole
fish analyses were performed on spottail shiners, 0.036 mg/kg; rainbow
smelt. 0.039 mg/kg; and alewife, 0.034 mg/kg.

Kibiya and Oguri (1961) determined the distribution of radioactive
silver injected into goldfish.
The silver was concentrated to a large
extent in the liver of these fish with small amounts distributed throughout
other tissues. Silver concentrations were determined by neutron activation
of whole fish and fish livers from Lakes Michigan, Superior and Erie.
In
all samples, silver concentrations were equal to or less than 1 ng/kg
(Lucas, et al., 1970).
These values appear unrealistically low compared to
those of the other authors.
The silver concentration in lake trout of known age from Lake Cayuga
was analyzed by spark source mass spectrometry.
The concentration of
silver in these samples ranged from 0.48 to 0.68 ug/kg fresh weight (Tong,
et al.,

1974).

There was no

relationship between

age of the lake trout and those values are about

by Copeland et al.,

(1973).

silver concentration and

10 times higher than seen

In an earlier study various fish from 11 New

York State waters were analyzed for silver

metry following dry ashing, Tong et al.,

by spark source mass spectro-

(1972).

three fell within the range of 0.01 to 0.06 ug/kg.

0.11, 0.25 and 0.65 ug/kg.

Of 48 samples all but

The other samples were

It would appear from the foregoing analyses that there is a wide dis

crepancy in the reported results for silver residues in freshwater fish.
This may be due to a variety of analytical procedures that were not well
established at the time of analysis.
CONCLUSION

It is obvious that many natural silver compounds are relatively insoluble

but concentrations below the solubility limit are toxic to fish.
Because
of its extreme toxicity to fish during long term exposures, an objective
for total silver of 0.1 ug/R is recommended.
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TABLE 4
MIREX IN LAKE ONTARIO FISHES. SEDIMENTS
AND HERRING BULL EGGS

DATA FROM ONE, 1976; OMAF 1976; NYDEC, 1976; FIB, 1974;

-.

THOMAS E; Ar., 1977; AND GILMAN §;_A£., 1977.

SAMPLE

(NO.

OF SPECIMENS)

MIREX (HG/G)
MEAN

RANGE

Sediments
Herring gull

(229)
(39)

5.06

ND 0,40
1.95 18.6

American eel

(17)

0.46

ND-l.39

Chinook salmon

(16)

0.21

eggs

Lake trout

Brown trout
Coho salmon

Splake

Smallmouth bass

(47)

(50)
(91)

T

a

0.02-0.97

,1

0.18
0.17

0.01 0 35
ND 0.50

;
f;

0.08 0.36

(1)

0.16

0.13

ND~0.39
0.01 0.35

(76)

w
(E

0.22

Smelt

(296)

0.13

White perch
Gizzard shad
Yellow perch

(41)
(16)
(148)

0.10
0.09
0.08

Brown bullhead

91

F)

ND-0.64
ND 0.21
ND 0.18, 1.20*

(175)

0.07

ND-O.38,

Rock bass
White bass

(15)
(60)

0.07
0.07

ND 0.24
ND 0.16

_

Rainbow trout

(77)

0.04

ND 0.3l

151

Alewife

Northern pike

Carp
White sucker
Black Crappie
Largemouth bass
Walleye
Pumpkinseed

Freshwater Drum

*
*

Q7

ND, None detected
One analysis high,

(86)

(31)

(12)
(117)
(5)
(7)
(4)
(51)

(1)

not considered for mean value

0.05

0.03

0.02
0.02
0.01
0.01
0.01
<0.01

ND

ND-0.23

ND 0.10

ND
ND
0.01
<0.01
ND
ND

0.l4
0.10
0.02
0.02
0.02
0.03

ND O-O3

0.76*

$1;

j ?

1

TABLE 5
MIREX IN ST. LAWRENCE RIVER FISHES

SAMPLE

(NO.

OF ANALYSES)

Maskinonge
Northern pike

Smallmouth bass
16:11 [eye
Yellow perv n

(2)
(1+)

(34)
(4)
(12)

MIREX

REFERENCE

(pG/G)

MEAN

RANGE

0. 08

0.04 0.11
0.04-0.09

0.01 0.27
0.02 0.10
0-0.11

~
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NYDEC,
NYDEC,

1976
1976

NYDEC, 1976
NYDEC, 1976
NYDEC, 1976
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Ludke et a1.

(1971) studied the response of juvenile crayfish

blandingi and Procambarus hayi) to mirex.

(Procambarus

At an exposure of 5 ug/R mirex in

water for six hours, no dead crayfish were observed.

However,

the same animals,

subsequently placed in clean water, showed 26% mortality 10 days after the
exposure relative to the control. At an exposure concentration of 5 ug/R for

58 hours, 5% mortality was recorded at the termination of the exposure and 98%
mortality after an additional 10 days in clean water.
Similarly, a concentration

of 1 ug/R mirex for 144 hours resulted in 0% mortality within that period and
in 95% mortality 10 days after treatment.
Procambarus hayi, exposed to 0.5
and 0.1 ug/K mirex

for 48 hours,

resulted

in

initial mortalities of 12% and

19%, respectively, and in 71% and 65% mortalities within 4 days after the
exposure.' In other experiments by Ludke et a1., (1971), juvenile crayfish
were exposed to water leaching, mirex bait granules.
At seven days exposure,

95% mortality was observed, corresponding to a mirex concentration of 0.86

ug/Q in the water.
The dead crayfish were found to have mirex accumulated to a
mean of 1.5 ug/g. At a mirex concentration as low as 0.073 ug/R, 12.5% mortality
was observed after the first day of exposure.
From this report, it appears
obvious that mirex is extremely toxic to those species of crayfish.
Mortality
increases with the time exposure to the insecticide and, in most cases, signifi
cantly delayed toxic action was observed several days after exposure.
A study by Tagatz (1976) on the effect of mirex on predator prey interac
tion resulted in significantly increased mortality of grass shrimp (Palaemonetes
vulgaris) through predation by pinfish (Lagodon rhomboides).
Effects of mirex
exposures were observed at concentrations as low as 0.025 pg/R at times of 13
days.
Mirex also proved to be a stomach poison more potent than DDT to juvenile

blue crabs (Callinectes sapidus) as shown by Leffler (1975). Dietary concentrations of 1.5 and 3.0 ug/g when given to the blue crabs resulted in a strong
reduction of autotomisation of damaged limbs. Brown et a1., (1975) reported
the effect of mirex on estuarine microorganisms. No inhibition of bacterial
growth, was observed at exposure times up to 96 hrs and mirex concentrations

up to 10 ug/R with several pure bacterial cultures in saline medium.

At 100

Ug/l mirex for four days, no significant effects were observed on the rates of
ammonification of protein and on nitrate reduction, although the latter process
was initially delayed.

In another study by Van Valin et a1. (1968), bluegills (Lepomis macrochirus)
and goldfish (Carassius auratus) were exposed to mirex by feeding with mirex
At an exposure
treated diet or by treating holding ponds with mirex bait.

level of 5 mg/kg day bodyweight, the growth of bluegills was reduced. Gill
and kidney breakdown occurred in goldfish when exposed to mirex in water at l
Ug/R for 56 days.
Collins et a1. (1973) studied the uptake of mirex by caged and uncaged
channel catfish (Ictalurus punctatus) in ponds. Uncaged fish had a mean of

0.65 ug/g mirex residue six months after the application, while caged adult
fish and caged fingerlings had less than 0.01 ug/g and 0.03 Ug/g residue
chain.
respectively, indicating a strong bioaccumulation of mirex Via the food
after
months
six
mirex
ug/g
2.88
Residues in cricket frogs were found to be
In similar work by Hyde et a1. (1974), the effects of mirex on
the treatment.
three areal
the channel catfish production in ponds were investigated. After
bait
kg/ha
1.4
applications of mirex over six months, at the normal rate of
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(4.2 g/ha mirex), the fish had accumulated mirex to an average of 0.015 ug/g

in fillets and 0.255 pg/g in fat.

At the same time, survival of fish in the

experimental ponds was reduced to 43.3% compared with 71.6% for the control.
The body weight of the treated fish was approximately 17% that of control

fish.

The acute effects of mirex on juvenile and adult striped mullet (Mugil
cephalus L.) were studied by Lee et a1. (1975). The survival of young juvenile

mullet was significantly reduced in 96 hr flow through tests at mirex concentraThe movement of mirex from contaminated sediment
tions of 0.1 and 1.0 mg/R.

was observed by Kobylinski and Livingston (1975).

Under flow conditions,

approximately 40% of the contaminant was lost from the sediment and accumulated
The authors proposed a
in the tissues of hogchoker (Trinectes maculatus).
direct uptake route of mirex from the sediment, and also found a correlation
of mirex concentrations in sediment and water.

Borthwick et a1. (1973) reported the accumulation of mirex in South
Carolina estuaries after the application of mirex bait (1.7 g/ha mirex) for
the fire ant control program.

They concluded that mirex was translocated from

treated land and high marsh to the estuarine biota and that bioaccumulation

occurred especially in predators, such as racoons and birds. In the test area
water samples contained mirex only below the detection limit of 0.01 ug/Q.
Approximately one year after the bait application, sediments contained 0 0.07

ug/g, crabs

0 0.60 ug/g, shrimps O l.3 ug/g, mammals 0-4.4 ug/g, and birds 0

17.0 ug/g mirex at a detection limit of 0.01 ug/g for sediments and biota.

Wolfe and Norment (1973) sampled an area for one year following an
application of mirex bait (1.7 g/ha mirex).
Crayfish residues ranged from
0.04 to 0.16 ug/g. Fish residues were about 2 to 20 times greater than in
controls and averaged from 0.01 ug/g for bluegills to 0.53 ug/g for mosquitofish.
These values are, in general similar to those reported by Naqui and DeLaCruz
(1973) and by Borthwick et a1. (1973).
Naqui and DeLaCruz (1973) observed

mirex residues of 0.15 pg/g in molluscs, 0.25 ug/g in fish, 0.29 ug/g in
insects, 0.44 ug/g in crustaceans and 0.63 ug/g in annelids.

An evaluation of mirex and other organochlorine pesticides by Metcalf et
a1. (1973) fOund mirex to be one of the most stable compounds studied in such
a model ecosystem.
EFFECTS ON BIRDS AND MAMMALS
Mirex fed to birds was observed to be slow acting, causing delayed
mortality up to 15 days after dosage ceased (Stickel et a1., 1973). Reproduc
tion among penned mallards and bobwhite was not affected when fed diets con

taining 1 or 10 ug/g mirex (Heath and Spann, 1973), although carcass residues

of surviving birds were as high as 287 ug/g.

In similar experiments by Medley

et a1. (1974), roosters were fed diets containing mirex at 0.007 ug/g, 0.06
ug/g, 0.710 ug/g and 7.2 ug/g for periods up to 32 weeks.
The highest residue
levels observed were 994 ug/g in fat of roosters on a 7.2 ug/g diet.
Studies

by Hyde et a1. (1973) on the reproductive success of mallard ducks fed mirex
at concentrations of 0, 1, and 100 Ug/g in the diet for 25 weeks did not show
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significant differences on egg production,

shell thickness,

shell weight,

embryonation, and hatchability, but at 100 pg/g duckling survival was reduced
to a mean of 72.6% compared to 95.7% for the control for a 14 day post-hatch

period on uncontaminated food, based on ducklings hatched.

At the 100 ug/g

diet, fat of adult ducks contained a mean of 2,964 ug/g, while the eggs contain
a mean of 277 ug/g mirex.
Further reports by Woodham et a1. (1975), indicated

;
F
;
E
'

the accumulation of mirex in tissues and eggs of hens exposed to dietary mirex
levels of 0.01 and 1.0 ug/g for periods up to 40 weeks.
The highest residues
observed in the eggs were 2.03 ug/g.
After 13 weeks of contaminant free diet,

the mirex residues in the eggs had decreased to 0.66 Ug/g.

Feeding experiments of Japanese quail, given a single oral dose (1.2
ug/g) of 1 C
mirex, were studied by Ivie et a1. (1974).
Partial excretion
of mirex via feces was initially observed for both sexes, but male quails
excreted approximately twice the amount as female birds.
However, after the
initial excretion, no further residues were found in the feces and male birds
had body burdens of more than 50% of the single dose, 84 days after dosing.

Egg laying quail hens had eliminated 85% of the single dose via the egg yolks
in 84 days. The recoveries of the 1L'C
mirex from the whole body residues

were 97% or greater and the analysis of the extracts revealed unmetabolized
mirex only.

Innes et al. (1969) reported on bioassays for the tumorigenicity of 120
chemicals.
At a dietary level of 26 ug/g mirex, a significantly elevated
tumor incidence was observed after 18 months.
Similar effects were observed
for ten of the other 120 tested compounds.
CONCLUSIONS
In general, little information exists on the effects of mirex on fresh
water organisms as most of the results mentioned above are on estuarine and
Several of such species, however,
marine ecosystems and their respective biota.
are also common to Great Lakes' waters, but the information is still insuffi
cient to allow the formulation of safe levels of mirex in water or biota.
There is a lack of studies on chronic exposure at low concentration.
Mirex
has been shown to be extremely persistent under most environmental conditions,

is accumulating in food chains and is toxic to a wide variety of species.

In

addition, there is evidence for its cumulative and strongly delayed toxic
effects in some species.

I
9

Recently the U.S. Food and Drug Administration and the New York State
Department of Environmental Conservation (U.S.FDA, 1974; Berle, 1976) have
introduced an action guideline of 0.1 Hg/g mirex for edible portions of fish
for the protection of human consumers.
Recognizing that this limit for edible
portion of fish may be inadequate for the protection of fish consuming birds
and mammals, it is recommended, that the objective for "Persistent Organic

Contaminants" (Great Lakes Water Quality,

1974, Appendix A, p. 32) be applied.

Therefore, it is recommended that the concentrations of mirex in water and
biota should not exceed the detection limits as determined by the best scienti
fic methodology available at the time.
The present detection levels, as
.
determined by a survey of four laboratories in the Great Lakes region, are
0.005 micrograms per liter for water and 0.005 micrograms per gram for biolog1ca1

i

tissues.
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ves
In view of the occurrence of the structurally related mirex derivati

neces"photomirex" and Kepone together with mirex, and in the absence of the

ded that such
sary information on their sub lethal properties, it is recommen
of
derivatives be included in further investigations of the toxic effects
Furthermore, such derivatives should be included in the residue analysis
mirex.
by the expres
for mirex for the purpose of this objective, which is indicated

sion "mirex including its degradation products .

For surveillance purposes,

rather
it is further advised that emphasis be placed on biological tissues
water
in
ations
concentr
mirex
that
likely
than water analysis as it appears
life.
aquatic
in
s
residue
ble
detecta
in
result
below the detection limit may
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GUTHION
RECOMMENDATION

Concentrations of Guthion in an unfiltered water sample shouZd
not exceed 0.005 micrograms per litre for the protection of
aquatic life.
RATIONALE
also called azin
Guthion is a broad spectrum agricultural pesticide,

riazin 3(4H)
phosmethyl and properly, 9,9fdimethyl-§f[4 oxo l,2,3 benzot

It is used to protect fruit, grain and vege
ylmethyl] phosphorodithioate.
as shrubs and trees and
table products in the agricultural industry as well

1957).
is soluble in water at approximately 30 mg/R (Chemagro Corp.,

a1., 1974) at
Hydrolysis of Guthion occurs in aqueous media (Heuer gt
3 4 weeks.
some
of
environmental pH's and temperatures with half lives (T2)
two
between
varied
In a natural soil (Yaron et a1., 1974), the half lives
Guthion
ture.
tempera
weeks and a year, depending on the moisture content and
1970)
Flint,
has also been reported to degrade in pondwaters (Meyer, 1965;
The
1965).
and also in a variety of fish (Tg's less than one week) (Meyer,
insect
to the
degradation products have been shown to be non toxic, at least
1972).
tein,
Lichtens
and
target species (Liang
ranges
The acute toxicity of Guthion to sensitive fish (96 hour LC50)

In static tests, Lcso's for brown trout were 4 ug/l (Macek
from 3 14 ug/Q.
ug/l
and McAllister, 1970); for rainbow trout, 3.2 ug/l (Katz, 1961) and 14
for
and
1961)
(Katz,
ug/Q
5.2
s,
(Macek and McAllister, 1970); for bluegill
des
pestici
us
hosphor
Organop
1970).
yellow perch, 13 ug/R (Macek and McAllister,
exert

theirlethal action toward fish by inhibition of acetylcholinesterase

(AChE) (Weiss, 1961) and recovery from this condition is slow (Weiss, 1959,
1961; Darsie and Corrideu, 1959). Decrease in the activity of this nervous
system enzyme, even when not lethal, will

decrease the organism's activity

and hence its potential for survival (Katz, 1961).

Levels of Guthion as low

(Weiss and
as l ug/R have been observed to suppress AChE activity in bluegills
In other studies with fathead minnows, decreased spawning
Gakstatter, 1964).

was observed during long term exposures at concentrations as low as 0.7
These authors estimate a "safe"
ug/£ (Adelman and Smith, unpublished, 1976).
ug/Q.
0.5
and
level at between 0.3

The most sensitive aquatic organisms for which observations are reported
Acute toxicities (96 hour
in the literature are the crustaceans and insects.
0.2 ug/R for
0.1
as
low
as
observed
been
have
LC50) for these organisms

Gammarus lacustris and Gammarus fasciatus (Saunders, 1969; Saunders, 1972)

and 1.5 ug/i for Pteronarcys californica (Sanders and Cope, 1968). The
lowest long-term effects (20-30 day LCso's) have been noted in studies with
grass shrimp (0.16 ug/l; Sanders, 1972) and stonefly naiads (0.24 ug/i;
Jensen and Gaufin, 1966).

These above responses can hardly be considered as indicating "safe"
concentration levels for all aquatic life and, consequently, the recommended

safety factor of 0.05 is applied to the lowest of the 96 hour LC50's (Gammarus
fasciatus at 0.1 ug/K) and should afford reasonable protection.
The recommended
objective is, therefore, 0.005 ug/R.
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PARATHION
RECOMMENDATION

Concentrations of parathion in an unfiltered water sample shouZd

not exceed 0.008 micrograms per litre for the protection of

aquatic Zife.
RATIONALE

Parathion, 9,97diethyl Q p nitrophenylphosphorothionate,

is a non

systemic contact and stomach insecticide and acaricide used extensively in
the agricultural industry.
It is slightly soluble in water at 24 mg/R
(Martin and Worthing, 1974) and hydrolyses in distilled water with a half
1ife of/25 12O days (Peck, 1948; Cowart §£_al., 1971).
Persistence of

parathion in a natural environment has been studied by Eichelberger and

Lichtenberg (1971) in which it was observed to have a half-life of one week
in river water.
In other studies, half lives of three and five weeks were

noted for
tatter,

natural

waters of pH 8.4 and 7.0 respectively (Weiss and Gaks

1964) and of 30 40 hours (Leland, 1968)

in rainbow trout.

The effects of parathion (and other organophosphate pesticides) are
reportedly via suppression of acetylocholinesterase (AChE) activity and this
persists long after the actual exposure.
Subjection of bluegills to 100
ug/Q of parathion over 24 hours resulted in a 75% reduction of AChE activity
which did not return to normal for a further sixty days (Weiss, 1961).
The
compound is metabolised to a number of products including its oxygenated
analogue, para oxen, and its amino form (Graetz gt_a1., 1970). While some of
these may be more toxic than the parent material and may even be responsible
for parathion's AChE inhibition (Aldridge and Davison, 1952) they are gene
rally more readily degraded as well.
Acute toxicity effects of parathion with fishes have been determined in
flow through systems with 96-hour LC50 values of 500 Ug/Q for bluegills,
1,600 ug/2 for fathead minnows and 1,700 Ug/R for brook trout (Spacie, 1975).
In a similar test system, a 96 hour LC50 of 18 pg/R was noted for juvenile
freshwater and estuarine striped bass (Korn and Earnest, 1974).
Sub acute
effects (tremors) for brown bullheads are reported (Mount and Boyle, 1969) at

30 ug/% over a 30-day exposure.

The lowest observed effect for fishes is

with bluegills in which deformities were recorded over a 23 month exposure at

0.34 ug/R (Spacie, 1975).
Fishes are not however, the most sensitive organisms towards parathion
the insect target organisms, are much more susceptible.
Acutely toxic levels
for several more sensitive aquatic insects are recorded in Table 6, along
with sub acute levels for the same species.
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TABLE 6
TACEANS
TOXIC EFFECTS OF PARATHION TO INSECTS AND CRUS
S
CONCENTRATIONS IN ug/Q IN FLOW-THROUGH SYSTEM

REFERENCE

SUB ACUTE LCgo

ACUTE Lan

SPECIES

(21 days)

Spacie (1975)

Daphnia magga

0.62 (4 days)

0.14

Acroneuria pacifica

0.93 (5 days)

0.44 (30 days)

Jensen & Gaufin (1964)

Gammarus fasciatus

0.40

(4 days)

0.07 (43 days)

Spacie (1975)

tus, significant mor
In the study by Spacie (1975) on Gammarus fascia
this is the lowest effect
tality was observed at 0.04 ug/Q over 43 days and
Also reported in the same studies
level reported for a freshwater organism.
a magna at parathion concen
were significant reproductive failure with Daphni
trations greater than 0.08 ug/K.

"safe" concen
There do not appear to be any published data on actual

and in View of the fact
trations of parathion for these sensitive organisms
acetylcholinesterase
that its physiological action is by suppression of
the safety factor of 0.2
slow,
is
ry
recove
activity, a condition from which

Gammarus fasciatus)
is applied to the lowest of these levels (0.04 ug/Q for
protection of
the
for
ug/Q
0.008
of
to arrive at the recommended level
aquatic life.
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CYANIDE
RECOMMENDATION
ive for cyanide be adopted:
It is recommended that the following new object

should not
Concentrations of free cyanide in unfiZtered water sampZes
life.
c
exceed 5 micrograms per litre for the protection of aquati
RATTONALE
organic compounds.
Cyanide is one of the simplest and most readily formed
t where life and industry
Cyanide and derivatives are almost universally presen
cturing processes,
Besides being very important in a number of manufa
are found.
s which
ediate
interm
lic
metabo
as
s
animal
they are found in many plants and
time.
of
s
generally are not stored for long period
e complexes, hydro
Common forms of cyanide in effluents are metal cyanid
dissociated simple
from
ly
primari
cyanic acid, and the free cyanide ion formed
ment is largely
environ
aquatic
the
The cyanide form present in
cyanide salts.
of natural
values
pH
at
HCN
as
Most of the free cyanide exists
pH dependent.
on decreases.
soluti
the
of
pH
the
waters, with the fraction increasing rapidly as
ion
cyanide
the
n,
solutio
When simple cyanide salts dissociate in aqueous
toxic
highly
is
which
acid,
combines with the hydrogen ion to form hydrocyanic
halide
the
to
ly
Chemically, the cyanide ion behaves similar
to aquatic life.
fluoride, bromide and iodide.
e,
chlorid
ions

nal groups.
A wide variety of organic compounds may contain cyanide functio
s, none
nitrile
called
These compounds belong to a class of organic chemicals
,
addition
In
of which dissociates to liberate cyanide ions or molecular HCN.
contain
that
amides
there are also complex organic acids, alcohols, esters, and
products
numerous
for
used
are
s
compound
organic
These
.
the cyanide radicals
Their toxicity, persistence, and chemistry in the
or may be a waste by product.
compounds.
aquatic environment are not well known except for a few specific
sm, i.e.,
Cyanide toxicity is essentially an inhibition of oxygen metaboli
The cyanogen compounds
rendering the tissues incapable of exchanging oxygen.
detoxified) since
readily
be
(can
poisons
asmic
are true non cumulative protopl
shows a very
Cyanide
life.
animal
of
they arrest the activity of all forms
system
oxidase
ome
cytochr
the
s
It inhibit
specific type of toxic action.
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..~- m

form metalloThe cyanide ion combines with numerous heavy metal ions to
Those
The stability of these anions is highly variable.
cyanide complexes.
and production of
formed with zinc and cadmium are not stable; dissociation
In turn,
rapid.
hydrocyanic acid in near neutral or acidic environments is
is
cyanide
Cobalto
stable.
ly
extreme
are
anions
some of the metallocyanide
ory.
laborat
a
in
ation
distill
acid
tive
destruc
difficult to destroy with highly
photode
of
non
phenome
the
exhibit
but
The iron cyanides are also very stable
dissociates to release
composition, and in the presence of sunlight the material
n may reverse to
reactio
the
night
at
the cyanide ion, thus affecting toxicity;
produce a less toxic environment.

#

which facilitates electron transfer from reduced metabo
lites to molecular

oxygen.

The ferric iron-porphyrin molecule responsible
for the catalytic

action
of cytochrome oxidase is the reactive site
where cyanide combines with ferric
[Fe (111)] iron atoms to form a reversible
complex.
Other enzymes containing
a metal porphyrin molecule, e.g., peroxidases
and xanthine oxidases, are also
strongly inhibited by cyanide.
Only undissociated HCN inhibits the consumption

of oxygen in the tissues, causing cellular asphyxia
(historic anoxia) by
attaching itself to the iron of the prosthetic group of the
enzyme cytochrome

oxidase.

Hydrocyanic acid can be rapidly absorbed and carrie
d in the plasma but does
not combine with hemoglobin because its iron atom is divalent (ferrous
).
Instead,
cyanide combines with methemoglobin, a mildly oxidized form of hemoglob
in in
which the iron atom is trivalent (ferric).
Methemoglobin, which cannot carry
oxygen, normally represents only a small fraction of the total
hemoglobin.
Since
it forms an irreversible and innocuous complex with cyanide
, it is an active
cyanide detoxifying agent.
Amyl nitrite and other agents can be used to increase
the level of methemoglobin to counteract cyanide toxicity.
A few of the ways
in which cyanide can be metabolized within a pattern of normal physiolo
gy are
by the production of thiocyanate, with amino acids, oxidation to
carbon dioxide
and formate, etc.
The conversion of only free cyanide and not organically bound
cyano groups to thiocyanate (SCN ) by action of the enzyme rhodanase
is considered
to be the primary method of detoxification of cyanide.
Rhodanase is absent from
blood and skeletal muscle, but is abundant in the liver.
Thiocyanate is
eliminated irregularly and slowly in the urine.
The action of cyanide on the respiration of the cell and the primary methods
of detoxification of cyanide have been noted above.
However, it should be
pointed out that cyanide does not completely abolish cellular respiration.
It
is possible that a small amount of residual respiratory activity is made possibly
by cytochrome b activity, since this substance does not require the cyanide
susceptible cytochrome oxidases.
An alternative explanation of residual respira

tory activity of the cyanide poisoned system is found in the action of the flavin

aerobic dehydrogenases,
the cytochrome system.

which can tranfer hydrogen to molecular oxygen without

The persistence of cyanide in water is highly variable.
This variability
is dependent upon the chemical form of cyanide in the water, the concentration
of cyanide, and the nature of other constituents.
Cyanide may be destroyed by
strong oxidizing agents such as permanganates and chlorine.
Chlorine is commonly

used to oxidize strong cyanide solutions to produce carbon dioxide and ammonia;

if the reaction is not carried through to completion, cyanogen chlorine may
remain as a residual and this material is also toxic.
If the pH of the receiving
waterway is acid and the stream is well aerated, gaseous hydrogen cyanide may
evolve from the waterway to the atmosphere.
At low concentrations or toxicity
and with acclimated microflora, cyanide may be decomposed by microorganisms in
both anearobic and aerobic environments or waste treatment systems.

toxicity of simple
A review of the available pertinent data on the acute
old) concentrations of
cyanides to fish reveals that the minimum lethal (thresh
from 12 minutes to 10
free cyanide from data obtained from experiments ranging
1934); rainbow trout,
days with brook trout, Salvelinus fontinalis (Karsten,

Salmo gairdneri

k
(Herbert and Merkens, 1952); brown trout, Salmo trutta (Burdic

e£_a1., 1966); and
at al., 1958); bluegills, Lepomis macrochirus (Doudoroff
reported to be 50,
are
1956),
off,
(Doudor
s
fathead minnows, Pimephales promela

70,

as cyanide, respec
(60 determined concentration) 70, 104, 150 and 180 ug/Q

tration
The minimum lethal threshold concentration is the concen
tively.
when the
nce
resista
average
nearly or barely tolerable for individuals of
exposure thereto is indefinitely prolonged.

the minimum
Research at the University of Minnesota has revealed that
bioassays
flow
ous
lethal threshold concentrations, as determined from continu
lower than
ly
general
in which routine analyses for cyanide were performed, are
e
indicat
fish
In addition, the acute data with
the above reported values.
history
life
yOunger
that, in general, juveniles are more sensitive to HCN than
on in dissolved
reducti
with
ed
increas
is
vity
sensiti
their
stages, and that
Over the temperature
oxygen concentration and with lowering of temperature.

blue
range of 25C to SC the lethal threshold concentration (LTC) for juvenile

from 130 to
gills (Lepomis machrochirus) was determined to decrease linearly
not as
ure
temperat
lower
to
persist
y
linearit
above
the
Should
58 ug/R HCN.
1C
and
3,
5,
at
values
LTC
ed
calculat
the
yet experimentally determined
would be 41, 32 and 23 ug/% HCN respectively.
In review it can be concluded that free cyanide concentrations in the
many
range from 50 to 100 ug/R as cyanide have proven eventually fatal to
fatal to
rapidly
are
probably
ug/Q
sensitive fishes and levels much above 200
most species.

Downing (1954), Cairns and Scheier (1958), and Burdick et_al,

(1958) have

ns in
shown that the toxicity of free cyanide increases with any reductio
Cairns and Scheier
dissolved oxygen below the 100 percent saturation levels.
(1958)

observed that

even periodic

lowering of dissolved

oxygen decreased the

tolerance of bluegills to cyanide.

nty
Contradictory information from the literature indicates that uncertai
the
and
fish
to
cyanides
simple
of
toxicity
of
exists between the relationship
has
cyanide
hydrogen
iated
undissoc
since
However,
pH of the test solution.
,
been demonstrated to be the toxic cyanide species in simple cyanide solutions

changes in the pH of natural waters below a value of about 8.3 should have no

There is
measurable effect on the acute toxicity of simple cyanides to fish.
hardand
y
alkalinit
the
no apparent relationship between toxicity to fish and
ness of the dilution water.

Cyanide is acutely toxic to most fishes at concentrations ranging from 50
to 200 ug/£ (Herbert and Merkens, 1952; Burdick et_§l,, 1958; Cairns and

Scheier, 1958; Doudoroff,
1955; Washburn, 1948).

1956; Turnbull gt al.,
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1954;

Lipschuetz and Cooper,

Some information on chronic or sublethal effects of cyanide is also

available.
Leduc (1966) found increased intestinal secretions in the fish,
Cichlasoma bimaculatum, at concentrations as low as 20 ug/Q and reduced
swimming capability at concentrations of 40 ug/R.
Costa (1965) reported that
three common species of fish detected and avoided cyanide concentrations of 26
ug/l in approximately one hour or less.
Exposure to a cyanide concentration
as low as 10 ug/R reduced the swimming ability or endurance of brook trout,

Salvelinus fontinalis (Neil, 1957).

Growth, or food conversion efficiency of

coho salmon, Oncorhynchus kisutch, was reduced at hydrogen cyanide concentrations

of 20 ug/Q.

Small freshwater fish of the family Cichlidae exposed to a cyanide

concentration of 15 Ug/Q lost weight more rapidly than the control fish in
water free from cyanide (Leduc, 1966).

Survival and growth tests of 56 days duration on young of the yellow
perch (Perca falvescens) and newly hatched bluegill fry (Lepomis machrochirus)
performed at the University of Minnesota indicate that with the bluegill fry
significant mortality occurred after about one month at all levels above 26
ug/R HCN.
With the yellow perch, a marked effect on growth and survival was
observed at about 45 ug/Q, and at 64 ug/R survival was approximately 50 percent
(Broderius,

1975).

Chronic

tests were also performed by Broderius

in 1975

from egg through reproduction and into the second generation of fathead minnows
(Pimephales promelas) and through reproduction and hatching with brook trout
(Salvelinus fontinalis).
For the fathead minnow it was observed that HCN

levels above 40 ug/Q decreased growth rate through 84 days.

A significant

reduction in fecundity was noted at HCN levels greater than 18 ug/l.
Mean
percentage hatch was significantly decreased at levels of 40 ug/2 HCN and
higher.
When the combined effect of egg production and fertility (percentage
of egg hatch) were calculated at about 50, 120, 180, 250, and 330 Ug/R HCN,
effective reproduction was approximately 65, 59, 35, 24, and 21 percent of the

controls respectively. From the brook trout chronic data, it can be calculated
that at about 50, 100 and 300 ug/l HCN effective reproduction was about 80, 50

and 30% of the controls respectively.

Based upon chronic effects on fish growth and reproduction, an objective

of 5 Ug/R free cyanide as HCN is recommended.
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AMMONIA
RECOMMEWDATION

It is recommended that the following new objective for ammonia be
adopted:

Concentrations of un-ionized ammonia (NHS) should not exceed

0.020 miZZigrams oer Zitre for the protection of aquatic Zife.

Concentrations of total ammonia snouZd not exceed 0.50 miZZigrams

per litre for the protection of'pubiic water supplies.
RATIOHALE

Ammonia enters natural water systems from several sources, either
directly as ammonia or indirectly by formation from other nitrogenous
matter. Direct sources are precipitation of ammonia with rain and snow, gas
exchange with the atmosphere, and the influx of ammonia containing effluents
from urban, industrial, and agricultural sources.
Indirect sources are the
chemical and biochemical transformation of nitrogenous organic and inorganic
matter in soil and water, nitrogen fixation processes of dissolved nitrogen
gas in water and excretion of ammonia by biota.
Ammonia is consumed by chemical and biochemical processes, some of
them resulting in its oxidation to nitrite and nitrate ions, other reactions
resulting in its incorporation into organic matter, particularly
withthe
formation of proteins.
Aqueous Ammonia Equilibrium System
At high concentrations, ammonia becomes a significant toxicant to the
aquatic biota.
The toxicity of ammonia to fish is primarily due to un
ionized ammonia (NH3) (Chipman, 1973; Wuhrmann at al., 1947; Wuhrmann and
Woker. 1948; Hemens, 1966).
Ionized ammonia (NHt+) is considered non toxic
or significantly less toxic than un ionized ammonia (NH3) (Tabata, 1962).
The percent of un ionized ammonia in aqueous ammonia solution is strongly
dependent on pH, according to the equilibrium equation:

NH3

+

__

_3

H20 :

NH3

'

_.______)

H20 <

NHt +

+

OH

The above equation is abbreviated and does not consider the hydrogen
bonding of the molecules and ions to adjacent water molecules (Butler,
1964).

The equilibrium of ionized with un ionized ammonia is also influenced
As shown in Table 7, the
by the temperature and salinity of the water.
temperature, parti
rising
with
increases
'fraction of un ionized ammonia
cularly at

low pH levels.

The presence of

low to moderate amounts of

dissolved solids (200 1000 mg/i) will slightly lower the concentration of
un ionized ammonia.

In Great Lakes waters,

89

the magnitude of this effect

TABLE 7
PERCENT UN IONIZED AMMONIA IN AQUEOUS AMMONIA SOLUTION

(AFTER THURSTON 5.; AL_., 1974)

(VALUES AT ZERO SALINITY)

TEMPERATURE

pH VALUE

9.0

9.5

10.0

.0

6.5

7.0

.5

8.0

8.5

5

.013

0.040

0.13

.39

1.2

3.8

11.

28.

56.

10

.019

0.059

0.19

.59

1.8

5.6

16.

37.

65.

15

.027

0.087

0.27

.86

2.7

8.0

22.

46.

73.

20

.040

0.13

0.40

.2

3.8

11.

28.

56.

80.

25

.057

0.18

0.57

.8

5.4

15.

36.

64.

85.

30

.081

0.25

0.80

.5

7.5

20.

45.

72.

89.

(°C)

Conditions under which the
objective for un ionized ammonia
is limiting.

Conditions under which the objective
for total ammonia is limiting.

90

T-i

will usually be less than the effect of lowering the temperature by 1°C
under otherwise constant conditions.
For practical purposes and for the
definition of

neglected.
Toxicity

this objective,

the influence of the salinity will hence be

to Fish

At concentrations above 0.5 mg/R, un ionized ammonia (NH3) is strongly
toxic to many fishes.
Comprehensive reviews on the toxicity of ammonia to
aquatic biota are published by EIFAC (1973), NAS/NAE (1974), and by McKee
and Wolf (1963).
A compilation of major studies on fish is given in Table
8. Most of these data on rainbow trout, Atlantic salmon, striped bass,
three spined stickleback, carp and other species are in the form of one to
four day L050 concentrations and under pH, temperature and dissolved oxygen
conditions as they prevail in the Great Lakes.
Two to four-day LCSO concentrations for rainbow trout range from 0.25 to 0.75 mg/Q NH3 with coarser
fishes being slightly less sensitive.
;

The equilibrium of un ionized and ionized ammonia, and thus the toxicity
of ammonia, is strongly dependent on the pH and temperature, and, to a
lesser degree, on the salinity of the water.
The toxicity of un ionized
ammonia is to a minor degree further dependent on the alkalinity and free
carbon dioxide of water, and, to an unknown degree, on other synergistic
and antagonistic factors, such as dissolved oxygen levels, biota accli

mation,

etc.

There are few published data available on chronic sub lethal effect of
ammonia to fish of any species.
A three-month test on 200 rainbow trout

(Water Pollution Research 1967; 1968) showed a 15% mortality at 0.27 mg/R

NH3 and a 5% mortality at un ionized ammonia concentrations of 0.13 and

0.07 mg/£ NH3, respectively.

Although no mortality data have been reported at concentrations less
than 0.2 mg/Q NH3, deleterious effects of ammonia at comparable concentrations

and lower have

been observed by a number of researchers.

Reichenback

Klinke (1967), in a series of one week tests on 240 fish of 9 species at
concentrations of 0.1 to 0.4 mg/Q NHg observed as well as inflammations and
hyperplasia swelling

of and diminishing of

the number of blood cells.

Irreversible blood damage occurred in trout fry at 0.27 mg/Q NH3.

.

[

He also

noted that these low NH3 doses inhibited the growth of young trout and
lessened their resistance to diseases.
Flis (1968) reported that a 35-day
exposure of carp to a concentration of approximately 0.1 mg/l NH3 resulted
in extensive necrobiotic and necrotic changes and tissue disintegration in
various organs.

l

days

Reduction in growth rates for rudd has also been observed after 95

at concentrations greater than 0.1 mg/l NHg (Water Pollution Research

1971; 1972) and for rainbow trout at 0.02 mg/Q NH3 after 5 months (Smith

and Piper, 1974).
Smith and Piper (1974) also reported severe pathological
changes in gills and livers of rainbow trout after 12 months exposure at

0-02 mg/l NH3.

On a test of rainbow trout for the 21-day period between

egg hatching and swim up stage, a reduction in development (length and sac

;
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TABLE 8
AMMONIA TOXICITY T0 FISH
Temperature

Length

Species

(°C)

(cm.)

NH3
Concentration

(mg/l NH3)

Dissolved
Oxygen

(Z Saturation)

Ibrtality
(Z of Total

Exposure
Time

50
50
50
50
50
16
5
5
50

2
>4
3
4
4
90
90
90
1d

BALL (1967)
Water Poll. Res. (1968)
"
"
"
"
"
"
"
"
"
"
"
"
HERBERT & SHURBEN (1965)

50
50
50
50
50
50

2f
2f
2g
0 o1 0.25
0.01-0
0 01 0.8

HERBERT & SHURBEN (1964)
"
"
"
"
DOWNING & MERKENS (1955)
"
"
"
"

Fish)

Reference

(days)

Rainbow trout

(salmo gairdnerii RICHARDSON)

15.2
3-5
3-5

10.5 11.6
12-13
2-4
5
18
13.6

13.6(?)
17.5
17.5
17.7
19.8
19.8
19.8

l3.6(?)

I

ON
( r-I
.mONmrxn
(I) ('1)
|
I K m m K m w
If! V)
I
I m
I
Onmqwommo
.
-

I

9.4 11.1
10.0 13.2
12.2-13.2
9.4 14.6
15
23
15
23

11
11

Values taken from EIFAC (1970), original values
, original values
Values calculated from Table

Water hardness 125 mg/2 CaC03

0.50
0.25
0.423
<0.25
~0.75
0.27
0.07
0.13
0.70 (65)b

0.49 (37)b

~0.50 (24.6)C
~0.45 (30.1)C
~0.65 (193.)C
w
rI
0')
CDmNmO
Nerququ-rcsooommr-I
.
.
D
HHOOOOOOHOv IOv IOO

dx

o oo

w

. 5-8.12
.86-8.30
r\

e)
f)
g)

Water hardness 320 mg/l CaC03

r\f\r\v\\or\l\l\l\l\1\wl\l\l\\or\www

d)

mm

a)

b)
c)

MMOO
c
HQMHO
waw
O
I
OKJI-Ir-IOONN
.
00
r-I
H H
NNMM

Stickleback
(three spined)
Common Carp

(

55.5
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Atlantic Salmon
Perch
Roach
Rudd
Bream
Striped Bass

sswwmaaa;
-

13 14
13-14

7 8 8 22
8 1 -8.3
8.1 -8 3
7 8
7 s

(15)b

290

~100
47
~100
~15 to ~90
~15 to ~90
~15 to N90
292
290
288
292
250
>50
350
250

(in brackets) as total mg/1 N from NHLCI.
(in brackets) as total mg/l N from NHACl.

Water hardness 248 mg/2 CaC03
Water hardness 320 mg/£ CaCOg, water alkalinity 240 mg/l CaCOa
Soft water

50

50

1e

e

50
50
50
50
so
50
50

2 to 6
4
4
4

8 and 0

35

50
16

4
10

"

"

HERBERT & SHURBEN (1965)
BALL (1967)
"
"

"
"
HAZEL, THOMSEN & MEITH (197m
"
"
"
"
"
"
FLIS (1968a)
11

n

FLIS (1968b)

absorption) was observed at concentrations of 0.07 mg/R NH3 and
higher
(Thurston, 1974).
Concentrations as low as 0.002 mg/% NH3 have been reporte
d
to cause gill hyperplasia in fingerling Chinook salmon in 6 weeks
(Burrows,
1964).

Rainbow trout have successfully spawned in the laboratory
at 0.06 mg/l
NH3 and have produced significant numbers of viable fry (Thursto
n, 1974).
It is common practice, for the establishment of water quality
objectives,
to multiply 96-hour L050 data by an application factor to arrive at recom
mendations for those objectives.
According to Water Quality Criteria 1972
(NAS/NAE, 1972) application factors range, depending on the
compound in
question
from 0.1 (e.g. copper) to 0.005 (e.g. zinc).
For ammonia, an
application factor of 0.05 is recommended.
With an average 96 hour LCso
value of about 0.50 mg/R NH3 X 0.05, a safe concentration of 0.025
mg/R NH3
is calculated.
This value appears to be a safe concentration of un ionized
ammonia for the survival of rainbow trout fry and fingerlings.
However,
judging from the comparison of trout and salmon sensitivities by Herbert
and Shurben (1965), salmon appear to be almost twice as sensitive to ammonia
as trout.
Therefore, with an application factor of 0.05 a limit of about

0.015 mg/Q NH3 could be calculated.

;
1
;

Both values of 0.025 and 0.015 mg/R NH3 are in close proximity to the
experimentally observed threshold for sub lethal effect of ammonia on
rainbow trout, reported as 0.02 mg/% NH3 by Water Pollution Research (1971;
1972) and Smith and Piper (1974).
Extreme deviations of the "mean" of 0.02
mg/R NH3 may be represented by the value of 0.06 mg/R NH3 for the successful
spawning and apparently normal fry development of rainbow trout (Thurston,
1974) and by the observations of sub lethal effect at un ionized ammonia
concentrations of 0.002 mg/R NH3 to fingerling Chinook salmon by Burrows

(1964).

Until it can be shown that exposure of biota to un-ionized ammonia

concentrations of less than 0.02 mg/Q NH3 is indeed resulting in long term
sub lethal

effect,

or higher,

it is recommended that un ionized ammonia should not exceed 0.02

and in View of the acute toxic

levels of 0.2 mg/R NH3

NHg.

Ammonia in Raw Water Supplies
In water treatment,

nation.

(total) ammonia interferes with the water chlori

If ammonia is present, chlorine will react with it first, producing

Chloramines.
On continued chlorination, oxidation of intermediate chloramines
t0 HCl and N2 will occur.
Chloramines also have bactericidal properties
but are slower acting than free chlorine.
In the past, chloramines, inten

tionally produced by adding ammonia to raw water, were used to prevent the

reaction of

water,

chlorine with phenols.

To destroy

ammonia occurring in raw

about 10 parts of chlorine to 1 part of ammonia nitrogen is required

.(Matheson, 1973).
Because of these unwanted effects, the level of total
ammonia for raw water supplies is desired to be less than 0.01 mg/l NH3

(total).

However, for practical purposes WHO (1963), NAS/NAE (1974), and

Ministry of the Environment (1974), recommend 0.5 mg/Z NH3 (total) as the
1

Upper limit for raw water supplies.

At concentrations above this value,

Problems associated with disinfection, and taste and odor are experienced.
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JrUL

and for the protection of the
In accordance with above recommendations
supply, it is recommended that the
use of Great Lakes water as raw water
l).

d 0.5 mg/% NH3
objective for total ammonia should not excee

(tota

tive for un ionized ammonia,
The conditions under which either the objec
ammonia, for

or the objective for total
for the protection of aquatic life,
es the limiting parameter is
protection of public water supplies, becom
ia is limiting;
At a low pH, the value for total ammon
indicated in Table 7.
parameter.
ing
limit
ammonia is the
at a high pH, the value for un ionized
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HYDROGEN SULFIDE
RECOMMENDATION

It is recommended that
be adopted:

the following new objective for hydrogen sulfide

0.002
Concentration of undissooiated hydrogen saZfide should not exceed
life.
c
aquati
t
protec
to
milligrams per litre, at any time, or pZace,
RATIONALE

in the atmosphere with a
Hydrogen sulfide is a flammable, poisonous gas

characteristic odor.

The gas is soluble in water to 4,000 mg/R at 20°C.

H28

n of natural detritus and
present in the water may result from the decompositio
bic sewage, and as a
organic benthal deposits, from the discharge of anaero
and paper, textile, chemical,
result of sulfide wastes from the tanning, pulp

and gas manufacturing industries.

the available
When sulfides are discharged to water, they react with
At pH
ture.
tempera
and
pH
the
on
ng
dependi
H28
or
hydronium ions to form HS
about
6.5
pH
at
and
,
H8
of
form
the
in
9 about 99 percent of the sulfide is
ing of the toxic
25 percent is in the form of HS with the remainder consist
undissociated H28

form.

Figure 1 can be

used to

determine the amount of

Rapid combination of
undissociated H28 from analysis of the total sulfide.
and iron, has
oxygen
as
such
H28 with other materials present in the water,
cant problem.
signifi
a
as
until recently caused the material to be overlooked
n sulfide is
Toxicity to aquatic life caused by the presence of hydroge
At a lower pH
dependent on the temperature, pH and dissolved oxygen present.
When temperatures are
the amount'of the toxic form (H28) will be greater.
The presence of high
low, fish life exhibit a greater tolerance to H28.
to sulfates, and
dissolved oxygen levels promotes rapid conversion of the H28
of H28 toxicity
therefore, maintaining high D.O. levels reduces the likelihood
is
Fish also exhibit a strong avoidance reaction to sulfide, and it
problems.
(Jones,
hypothesized that such a reaction would occur before they were harmed

1964).

to
Most recent investigations into H28 toxicity have been as it relates
sludge
organic
near
ly
especial
e
interfac
the presence near the sediment water

deposits.

In this zone, within a few centimeters of the bottom, significant

anaerobic
concentrations of H28 can occur if the benthal material is undergoing
,
deposits
sludge
of
types
It should be noted that certain
decomposition.
n
formatio
H28
cause
to
notably those from pulp and paper mills, are more likely
than others.

Colby and Smith (1967) report that walleye eggs held in trays in zones

where H28 levels were commonly 0.1 to 0.02 mg/Q did not hatch.

The same study

.
reports a 96 hour LC50 of 0.05 mg/l for walleye fry in a laboratory bioassay

level of H28
Adelman and Smith (1970) report that The maximum possible safe

for (northern pike) eggs is between 0.014 and 0.018 mg/Q and for sac fry

between 0.004 and 0.006 mg/

for 96 hour exposure."

Smith and Oseid (1973)
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as
brook trout, goldfish and walleye
report the 96 hour LC50 for juvenile
no
the
that
d
cate
They also indi
vely.
0.017, 0.090 and 0.020 mg/Z respecti
for
mg/Q
0.002
as
iles is also reported
effect level for the growth of juven
w.

mg/Q for the fathead minno
bluegills, 0.004 mg/% for walleye and 0.003

growth and survival, the safe
On the basis of chronic tests evaluating
ws
s was 0.002 mg/% and for fathead minno
level for bluegill juveniles and adult
us
Safe levels for vario
NAE, 1974).
was between 0.002 and 0.003 mg/Q (NAS/
Oseid and Smith
1971).
h,
(Smit
mg/l
arthropods were between 0.002 and 0.003
environmental factors H28 levels of
(1972) indicate that depending on other

of fish.
0.0015 mg/l can reduce the physical capability
Oseid and Smith

(1974)

report

that

Gammarus is 0.002 mg/% in hard water.

for
the maximum safe H28 concentration

The mean 96 hour LC50 for the same test

cation factor of 10.
was 0.002 mg/l indicating an approximate appli

sociated) H28 concentration
Clarke (1974) states that "A molecular (undis
e safe level for sensitive fish
of 0.01 mg/% would appear to be an approximat
oxygen concentration of about 10
development stages in water with a dissolved
This proposed level
0 hours.
12 mg/1, and for periods of exposure of 100-20
ating the undissociated H28
is based on a slightly different method of calcul
r than that reported in other
from the total and is about 1.5 to 2 times greate
works.

l organic
It should be noted that H28 will occur in lakes where natura

Under summer conditions the elevated levels
bottom material is decomposing.
levels could spread
will be limited to the hypolimnion, while in winter unsafe
in other than
occur
will
this
It is unlikely that
throughout the profile.
may create
H28
where
area
The primary
small lakes with little circulation.
d
receive
which
bays
problems in the Great Lakes is in relatively unmixed
be
must
Care
industrial wastes such as those from pulp and paper mills.
of fish
exercised in interpreting H28 data collected in the field, because
H28
the
where
population could be thriving in the water overlying an area
high
are
Where these H28 levels
level at the mud water interface is high.

near the decomposing benthal deposit, it is likely that dissolved oxygen

Although zones
conditions would also be low, thereby aggravating the problem.
present, but
of elevated H28 can occur, a transient fish population could be
The criterion proposed for H28
the survival of eggs in the area is unlikely.
decomposable
will, as a secondary benefit, protect against the discharge of
als.
materi
and settleable

There is no criterion established for H28 for either public or agricultural
water supplies, because the unpleasant taste and odor would preclude use of
that water at hazardous concentrations. The allowable levels of hydrogen sul
fide in water for industrial use are greater than those necessary to sustain
aquatic life.

Based upon the protection of a balanced population of complete aquatic
life cycles,

H28 concentration
it is recommended that the maximum undissociated

be 0.002 mg/R.
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CHLORINE
RECOMMENDATION
It is recommended that the following new
adopted:

objective for chlorine be

ent)
Total residual chlorine, as measured by the amperometric (or equival
method, should not exceed 0.002 milligrams per litre in order to protect
aquatic life.

RATIONALE
The extensive study of chlorine as a disinfectant
thorough understanding of the chemistry of chlorine in
chlorine hydrolyzes in water to form hypochlorous acid
hypochlorous acid is a weak acid and it dissociates to
ion according to equation 2.

C12 + H20

has resulted in a
Elemental
water.
The
(equation 1).
form the hypochlorite

(1)

22 : HOCl + H+ + cf

HOCl #H + oc1
+

(2)

_

Thus, free available chlorine is present as hypochlorous acid (HOCl),

hypochlorite ion (0C1 ),

and elemental chlorine (C12).

of
Ammonia is present to a significant degree in most wastewater and is
disinfec
for
tion
halogena
using
plants
t
treatmen
er
prime importance in wastewat
to
er
wastewat
in
ammonia
with
reacts
chlorine
At pH 4.5 8.5 and 20°C,
tion.
produce monochloramine (NHZCl) and dichloramine (NHClz).
Total residual chlorine
combined available chlorine

(TRC) is the sum of free available chlorine and
(chloramines and

similar compounds).

Free avail

able chlorine is seldom found in treated wastewaters because chlorine is added
in an amount less than the chlorine demand before discharge to a surface
water.
METHODOLOGY

Many wastewater treatment plants are required to maintain a residual
Most plant operators use the
chlorine concentration of 0.5 to 2.0 mg/R.
be biased on the low side reto
shown
been
has
which
method
ne
orthotolidi
for adequate disinfection.
necessary
than
ons
concentrati
higher
much
in
sulting
Total residual chlorine
waters.
receiving
in
problems
toxicity
This comtounds

concentrations in 20 Illinois effluents ranged from 0.98 to 5.17 mg/Q (Snoeyink
and Markus, 1974).

A similar study at 22 plants in southern Wisconsin resulted

in observed concentration of TRC between 0.18 and 10.3 mg/Q (McKersie, 1974).

Both studies demonstrated that the orthotolidine methods provided the poorest
results when compared against better methods such as the amperometric titration
Other studies (Martens and Servizi, 1974; Servizi and Martens,
technique.

1974) reached the same conclusion that the commonly used orthotolidine method
is inadequate to determine TRC in wastewaters or receiving streams.
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TOXICITY OF CHLORINATED WASTEWATERS

There is an extensive data base on the toxic
ity of TRC to

freshwater
aquatic life and these data have been
adequately summarized (Isom, 1971; McKee
and Wolf, 1963; Doudoroff and Katz,
1950; Brungs, 1973 and 1976; and Michi
gan

Department of Natural Rescurces, 1971).

The following discussion is limited
to those studies that have involved chlor
inated wastewaters and does not
include numerous studies of TRC in clean
waters.

The Michigan Department of Natural Resou
rces (1971) reported the effects
on caged fish in several receiving strea
ms below wastewater discharges.
Fifty
percent of the rainbow trout died within 96
hr (96 hr L050) at TRC concen
trations of 0.014 to 0.029 mg/K; some fish
died as far as 0.8 mile (1.3 km)
below the outfall.
These same discharges were studied when chlor
ination was
temporarily interrupted, and no mortality
was observed.
In addition, dechlo
rination with sodium thiosulfate eliminated
toxicity in 4 day tests with
undiluted effluent.
Tsai (1973) studied the effects on fish of 156
wastewater treatment
plants in Maryland, northern Virginia, and southe
astern Pennsylvania.
All the
plants discharged chlorinated municipal wastes
into small streams containing
fish.
In most of the plants in Maryland and Virginia,
0.5 to 2.0 mg/R residual
chlorine is maintained in the effluents, and Pennsy
lvania requires 0.5 mg/R in
effluents prior to discharge to natural surface water.
Tsai (1973) studied
principally fish, but observed typically a bottom devoid
of living organisms
in the area immediately below the chlorinated outfal
ls.
Unchlorinated dis
charge areas were typically characterized by abunda
nt growths of wastewater
fungi.
No fish were found in water with a TRC above 0.37 mg/ ,
and the species
diversity index reached zero at 0.25 mg/Q.
A 50 percent reduction in species

diversity index occurred at 0.10 mg/R.
the study areas,

Of the 45 species of fish observed in

the brook trout and brown trout were the most sensitive and

were not found at concentrations above approximately 0.02 mg/R.
other species were not found above 0.05 mg/K.

minnow species.

Arthur et al.

These and 8

In this sensitive group were 5

1
(1975) have studied the effect of chlorinated secondary

wastewater treatment plant effluent containing only domestic sewage effluent
on reproduction of fathead minnows, Daphnia magna, and the scud (Gammarus
p§eudolimnaeus).
Daphnia magna apparently was the most sensitive invertebrate
species and died at a TRC concentration of 0.014 mg/ , and acceptable repro
duction occurred at 0.003 mg/Q and below.
Scud reproduction was reduced at

concentrations above approximately 0.012 mg/Q (1.2 percent effluent). No
effects on any life cycle stage, including reproduction, of the fathead minnow

Was observed at a concentration of 0.014 mg/R; adverse effects were observed
at 0.042 mg/R.
Acute toxicity studies with eight species of fish, crayfish

(Orconectes virilis), scud (Gammarus pseudolimnaeus), snails (Physa integra
-and Campeloma decisum), and stoneflies (Acroneuria 1ycorias) indicated that
the crayfiSh, snails, and stonefly larvae were least sensitive with 7 day LC50
Values greater than 0.55 mg/l.
Seven day L050 values for the other organisms
were between 0.083 and 0.261 mg/l; coho salmon, brook trout, fathead minnow,

White sucker, and walleye were the most sensitive (0.086 to 0.150 mg/l).
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lities occurred in the first 12 hours
Nearly 50 percent of the observed morta
l effect of TRC occurs rapidly.
of the acute tests indicating that the letha
the effluent dechlorinated with sulfur
Comparable acute and chronic tests with
of the toxicity of the chlorinated
dioxide indicated that most, if not all,
Esvelt et a1. (1971; 1973) and Krock and Mason
effluent was eliminated.
toxicity of chlorinated municipal
(1971) completed an extensive study on the
They observed a
surrounding areas.
wastewaters entering San Francisco Bay and
ne toxicity
Chlori
.
nation
significant increase in toxicity following chlori
in which
ater,
wastew
d
chlorinate
was still significant in aged (up to 3 days)
ow
Rainb
level.
al
nt of the initi
TRC concentrations were as high as 25 perce
golden
the
by
tested, followed
trout was the most sensitive of the species
ated chlorine residual of 0.03
calcul
A
eback.
stickl
d
Shiner and three spine
ion of 2.0 mg/R, reduced
mg/Q, based on dilution of a measured concentrat
percent of the value obtained with a
phytoplankton photosynthesis by more than 20
Dechlorination with sodium
dilution of effluent having no chlorine residual.
One of the conclusions
ty.
bisulfite also eliminated chlorine related toxici
be the largest single source
of the California study was that chlorination may
of toxicity in San Francisco Bay.
(1974) observed mor
Martens and Sérvizi (1974) and Servizi and Martens
ns as low as 0.02
tratio
concen
tality of salmon in receiving streams at TRC
ls were made by
residua
e
Determinations of the effect of time on chlorin
mg/i.
ed in
persist
Lethal concentrations
sample storage and lagoon retention.
resulted in
ons
diluti
Twenty to one
undiluted effluent for at least 50 hours.
1
22
after
n
tratio
the chlorine residual declining to a non-detectable concen
demons
t
Studies with caged fish at points downstream of the effluen
hours.

when the
trated acutely lethal conditions that did not persist during periods
chlorinator was inoperable.
Ward et a1.

(1976) conducted acute and chronic tests of chlorinated waste-

water at the Grandville, Michigan sewage treatment plant.

values for fish ranged from 0.04 to 0.278 mg/Q.

The 96 hr LC50

The LC50 values for rainbow

Shiner,
trout, coho salmon, lake trout, golden Shiner, common Shiner, pugnose
species
nt
resiste
most
The
mg/2.
and fathead minnow were from 0.04 to 0.095
The highest tested concentration of
were largemouth bass and other sunfish.
minnow was 0.01
residual chlorine that had no chronic effect on the fathead

mg/R.

n
A second series of acute and chronic studies at the Wyoming, Michiga

wastewater treatment plant has produced similar results

(Ward et al., 1977).

al objectives
Several reviewers of chlorine toxicity have recommended numeric
ons
for concentrations of TRC that would not adversely affect aquatic populati
Basch and Truchan (1974) recommended maximum
when discharged continuously.
mg/R for warmwater and coldwater intolerant
0.005
and
0.02
concentrations of

fish, respectively.

European Inland Fisheries Advisory Commission (1973) has

le
suggested objectives dependent upon pH and temperature with an acceptab

upper limit of 0.004 mg HOCl/Z (TRC from 0.004 mg/l at a pH of 6.0 and 5°C to
0.121 mg/R at a pH of 9.0 and 25°C). A third review by Brungs (1973) has
recommended objectives of 0.01 mg/l for warmwater fish and 0.002 mg/R for
Since these
coldwater species and the most sensitive fish food organisms.
et al.,
recommendations, additional data on warmwater fish species (Arthur

1975; Tsai, 1973; Ward et al., 1976, 1977; Bogardus et al., 1976) do not

A more
support the distinction between coldwater and warmwater fish species.
total residual
recent recommendation (Brungs, 1976) supports the objective for

chlorine of 0.002 mg/R.
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PHYSICAL CHARACTERISTICS
TEMPERATURE
RECOMMENDATION

1.

Thermal additions to receiving waters or a designated segment thereof

2.

Maximum Weekly Average Temperature

should be such that thermal stratification and subsequent turnover dates
are not altered from those existing prior to addition of heat from
artificial origin.

This is the mathematical mean of multiple, equally spaced daily
temperatures.

A.

For Growth

The maximum weekly average temperature (MWAT) in the zone inhabited

by the species at that time should not exceed one-third of the
range between the optimum temperature (To) and the ultimate upper
incipient lethal temperature (Tu) of the species, in order to
maintain growth of aquatic organisms at levels necessary for sustaining actively growing and reproducing

Appendix I}.

Thus,

MWAT =

To + Tu

populations (Table 1,

To

3

The optimum temperature is assumed to be for growth but other

physiological optima may be used in the absence of growth data.
The MWAT must be applied with adequate understanding of the normal
seasonal distribution of the important species.
B.

For Reproduction

The MWAT for reproduction should not exceed those limits for normal
spawning (Table 2, Appendix I); in addition these objectives must
protect gonad growth and gamete maturation, spawning migrations,
spawning itself timing and synchrony with cyclic food sources, and
normal patterns of gradual temperature changes throughout the year.
The protection of reproductive activity must take into account
normal months during which these processes occur in specific water
bodies for which objectives are being developed.
0.

For Winter Survival (applicable at any place inhabitable by fish)
The MWAT for fish survival during winter shouldnot exceed the
acclimation, or plume, temperature (minus a 2.0 0 safety factor)
that raises the lower lethal threshold temperature above the normal
ambient water temperature for that season. This temperature limit
will apply in any area to which the fish have access and would
include areas such as unscreened disoharge channels.
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I

~ .4.

caused by rapid
This objective is necessary to eliminate fish kills
ent of fish
movem
or
own
shutd
changes in temperature due to plant
e.
ratur
tempe
from a heated plume to ambient
3.

Short-term Exposure to Extreme Temperature
A.

For the Season of Growth

during the
The temperature objective for (I) short-term exposure

minus 2°C, at
growth season is the 24-hr. median tolerance limit,

that month;
an acclimation temperature approximating the MWAT for
is the upper
n
and (2) short-term exposure during the spawning seaso
temperature for successful incubation and hatching.

These exposures

be
should not be too lengthy or frequent or the species could

adversely affected.

The length of time in minutes (t) that 50

incipercent of a population will survive temperatures above the
the
from
ated
calcul
be
can
°C)
in
(T
pient lethal temperature
following regression equation:
log (t)

=

a + b (T)

where a and b are intercept and slope,

respectively, which are

species
characteristics of each acclimation temperature for each
(National Academy of Sciences, 1973).

B.

For the Season of Reproduction

uction
The short term maximum temperature for the season of reprod
ssucces
should be based on the maximum incubation temperature for
The maximum temperature for spawning is
ful embryo survival.
probably an acceptable alternative.
RATIONALE

ives and the
A detailed discussion of the development of these object

The objectives
E, 1973).
rationale in support of them has been presented (NAS/NA
only
are
They
ge.
are not designed to be unique for each thermal dischar
different.
is
species
fish
different when the composition of sensitive important
The following is a summarization of that rationale.
but instead, to
Living organisms do not respond to the quantity of heat
by transfer of heat.
degrees of temperature or to temperature changes caused
optimum temperatures
Organisms have upper and lower lethal tolerance limits,
and temperature
for growth, preferred temperatures in thermal gradients,
ature also
Temper
ion.
incubat
egg
and
g
limitations for migration, spawnin
ty,
viscosi
(e.g.
medium
aquatic
the
of
affects the physical environment
of
ition
compos
the
re,
Therefo
y).
capacit
degree of ice cover, and oxygen

ics of the
aquatic communities depends largely on temperature characterist

sunfish will not be
environment, for example, warmwater fish such as bass and
are optimal for
that
tures
able to compete with trout and salmon at tempera
the latter.

r__L
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Because temperature changes may affect aquatic communities,

an induced

change in the thermal characteristics of an ecosystem may be detrimental.

0n

the other hand, altered thermal characteristics may be beneficial, as evidenced
in some of the newer fish hatchery practices and at other aquacultural facilities.

The general difficulty in developing suitable objectives for temperature

(which would limit the addition of heat) is to determine the deviation from
natural temperature a particular body of water can experience without adversely
affecting its desired biota.
Whatever requirements are suggested, natural
diurnal and seasonal cycles must be retained, annual spring and fall changes
in temperature must be gradual, and large unnatural day to day fluctuations
should be avoided.
In View of the many variables, it seems obvious that no
single temperature rise limitation can be applied uniformly to continental or
large regional areas; the requirements must be closely related to each body of
water and to its particular community of organisms, especially the important
species found in it.
These should include invertebrates, plankton, or other
plant and animal life that may be of importance to food chains or otherwise
interact with species of direct interest to man.
Since thermal requirements
of various species differ, the social choice of the species to be protected
allows for different levels of protection among water bodies.
Although such
decisions clearly transcend the scientific judgments needed in establishing
thermal criteria for protecting selected species, biologists can aid in making
these decisions.
Some measures useful in assigning levels of importance to

species are:

(1) high yield or desirability to commercial or sport fisheries,

(2) large biomass in the existing ecosystem (if desirable), (3) important
links in food chains of other species judged important for other reasons, and
(4) endangered or unique status.
Criteria for making recommendations for water temperature to protect
desirable aquatic life cannot be simply a maximum allowed change from natural
temperatures.
This is principally because a change of even one degree from an
ambient temperature has varying significance for an organism, depending upon
where the ambient level lies within the tolerance range.
In addition, historic
temperature records or, alternatively, the existing ambient temperature prior
to any thermal alterations by man are not always reliable indicators of desir»
able conditions for aquatic populations.
Multiple developments of water
resources also change water temperatures both upward (e.g. upstream power
plants or shallow reservoirs) and downward (e.g. deepwater releases for large
reservoirs) so that ambient and natural temperatures at a given point can best

Objectives for temperature should
be defined only on a statistical basis.
consider both the multiple thermal requirements of aquatic species and require

The number of distinct requirements and the
ments for balanced communities.
necessary values for each require periodic re-examination as knowledge of

thermal effects on aquatic species and communities increases.

Currently

definable requirements include:

0

Maximum sustained temperatures that are consistent with maintaining
desirable levels of productivity (growth minus mortality);

0

Maximum levels of thermal acclimation that will permit safe return
heat
to ambient winter temperatures should artificial sources of

cease;
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stages or reproduction,
Restricted temperature ranges for various

0

tion, spawning
including (for fish) gonad growth and gamete matura

migration,

and larva,
release of gametes, development of the embryo

ties) by juvecommencement of independent feeding (and other activi

sis,
niles; and temperatures required for metamorpho
other activities of lower forms;

emergence, and

s of aquatic
Thermal limits for diverse compositions of specie
sity created
diver
in
tion
communities, particularly where reduc
ant food
import
where
or
nuisance growths of certain organisms,
sources or chains are altered.

0

with knowledge of how man
Thermal objectives must also be formulated
changes, and how the biota can
alters temperatures, the hydrodynamics of the
It is
thermal regimes produced.
reasonably be expected to interact with the
sus
for
ives
thermal object
not sufficient, for example, to define only the
of
rs
numbe
, because the large
tained production of a species in open waters
the
h
throug
d
s by being pumpe
organisms may also be exposed to thermal change
Design engineers need particularly
condensers and mixing zone of a power plant.
design options in such instances.
to know the biological limitations to their
intake screens, mechanical or
Considerations such as impingement of fish upon
effects of altered current
chemical damage to zooplankton in condensers, or
reveal non thermal impacts of
patterns on bottom fauna in a discharge area may
The environmental
effects.
cooling processes that may outweigh temperature
they are there, in
when
are,
they
situations of aquatic organism (e.g. where
for migratory
tives
objec
l
Therma
what numbers) must also be understood.
s is actually
specie
the
when
species should be applied to a certain area only
there.

and reproduction,
Available data for temperature requirements for growth
various tempe
and
,
levels
lethal limits for various acclimation temperature
desirable
or
important
rature related characteristics of many of the more
ature
temper
General
freshwater fish species are included in Appendix I.

and 2 (Appendix I).
objectives for these species are summarized in Tables 1

ted in Figure 1 (Appendix
The MWAT for winter survival are graphically presen
temperature objec
In addition, examples of the development of numerical
I).
are included in Appendix
tives for a warmwater and a coldwater fish population
Figure l, and the
The derivation of the objectives in Tables 1 and 2,
I.
(1976).
Jones
and
Brungs
from
ced
examples in Appendix I are reprodu
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APPENDIX 1
DERIVATION 0F CRITERIA
THE PROCEDURES FOR CALCULATING
NUMERICAL TEMPERATURE OBJECTIVES
FOR FRESHWATER FISH.

FISH TEMPERATURE DATA SHEETS
EXAMPLES

THE PROCEDURES FOR CALCULATING NUMERICAL
TEMPERATURE OBJECTIVES FOR FRESHWATER FISH

MAXIMUM WEEKLY AVERAGE TEMPERATURE
1.

FOR GROWTH

The necessary minimum data for the determination of this objective are
the physiological optimum temperature and the ultimate upper incipient
lethal temperature.
This latter temperature represents the breaking
point between the highest temperatures to which an animal can be accli
mated and the lowest of the extreme temperatures that will kill the warm
acclimated organism.
Physiological optima can involve performance,
metabolic rate, temperature preference, growth, natural distribution, or
tolerance.
However, the most sensitive function seems to be growth rate
which appears to be an integrator of all factors affecting an organism.
In the absence of data on optimum growth, the use of an optimum for a
more specific function may be more desirable than not developing a growth
objective at all.
MWAT for growth were calculated (Table l) for fish species for which
appropriate data were available.
These data were obtained from the Fish
Temperature Data Sheets in this Appendix.
These data sheets contain the
majority of thermal effects data for 34 species of freshwater fish and
the sources of the data.
In many instances no magic numbers jump off the
page into the formula for the MWAT for growth.
Some subjectivity is
inevitable and necessary.
For example, the data sheet for channel cat
fish includes four temperature ranges for optimum growth based on three
published papers.
It would be more appropriate to use data for growth of
juveniles and adults rather than larvae.
The middle of each range for
juvenile channel catfish growth is 29 and 30 C.
In this instance 29 C is
judged the best estimate of the optimum.
The highest upper incipient
lethal temperature (that would approximate the ultimate upper incipient
lethal temperature) is 38 C.
Using the previous formula for the MWAT for
growth:

29c+L3 8;§9 C ) =3zc
The temperature objectives for the MWAT for growth of channel catfish

would be 32 C (as appears in Table 1).

SHORT TERM MAXIMUM DURING GROWTH SEASON
a short term maximum temperature is necessary to
Protect against potential lethal effects. We have to assume that the incipient
In addition to the MWAT,

TABLE 1
HRS)
OBJECTIVES FOR GROWTH AND SURVIVAL OF SHORT-EXPOSURES (24
OF JUVENILE AND ADULT FISH DURING THE SUMMER;
SPECIES

Alewife
Atlantic Salmon
Bigmouth Buffalo
Black Crappie
Bluegill
Brook Trout
Brown Bullhead

Brown

Trout

Carp

% Channel Catfish
Coho Salmon
Emerald Shiner

Fathead Minnow
Freshwater Drum

E

MAXIMUM WEEKLY AVERAGEa
TEMPERATURE FOR GROWTH

o

C

MAXIMUM TEMPERATURE FORb

SURVIVAL OF SHORT EXPOSURE

-20

-23
-

27
32
19

35
24
-

24

17

-

32

35

18
30

24
~-

17C

25

E

Lake Herring (Cisco)

E
5
;

Largemouth Bass
Northern Pike
Pumpkinseed

32
28
--

34
30

§

Rainbow Trout
Sauger
Smallmouth Bass
Smallmouth Buffalo
Sockeye Salmon
Striped Bass
Threadfin Shad
Walleye

19
25
29

24
~
--22

White Bass

--

§ Lake Whitefish
5 Lake Trout

g Rainbow Smelt

White Crappie
White Perch
White Sucker
Yellow Perch

-

18
-25
28
28C
29

a - Calculated according to the equation in the Recommendation
Based on the equation in the Recommendation (page_22).
b
Q ~ Based on data for larvae.
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(page 2]).

lethal data reflecting 50 percent survival necessary for this calculation
would be based on an acclimation temperature near the MWAT for growth.
There
fore, using the lethal threshold data for the channel catfish, we find
four
possible data choices near the MWAT of 32 C (again it is preferable to use
data on juveniles or adults):

Acclimation temperature (°C)
30
34
30
35

a

b

32.1736
26.4204
17.7125
28.3031

-O.78ll
-0.6149
-O.4058
-0.6554

The formula for calculating the short term maximum is

log (t)

=

a + b

(T)

where t is the time in minutes and T is the temperature in °C.
Since this temperature objective is a mean weekly value, we will assume
that an appropriate length of time one might expect a short term maximum
temperature to persist would be 24 hrs.
Any longer time would probably result
in a violation of the mean weekly temperature.
Since the time is fixed at 24 hrs.
temperature:
,

.

lemperature in

a

C

(1440 min.), we need to solve for

=

log

1440

b

a

Upon solving for each of the four data points, we obtain 37.1,

37.8,

35.9 and

38.4 C. The average would be 37.3 C and after subtracting the 2 C safety
factor to provide 100 percent survival, the short term maximum for channel

catfish would be 35 C as appears in Table l.

MAXIMUM WEEKLY AVERAGE TEMPERATURE FOR SPAWNING
These objectives are the easiest to determine.
Using the data sheets in
this Appendix, one would use either the optimpm temperature for spawning or,

if that is not available, the middle of the range of temperatures for spawning.

Again, using the channel catfish data, the MWAT for spawning by the channel
catfish would be 27 C (Table 2).
Since spawning may occur over a period of a
few months in a particular water body and only a MWAT for optimum spawning is
estimated, it would be logical to use that optimum for the middle month of the
Spawning season.
For a spring spawning species, the MWAT for the next earlier
month would approximate the lower temperature of the range in spawning tempe
rature and the MWAT for the last month of a usual 3 month spawning season
would approximate the upper temperature for the range.
For example, if the

Channel catfish spawned from April to June the MWAT for the 3 months would be
For fall spawning fish species, the pattern or
aPproximately 21, 27 and 29 C.

SEQUence of temperatures would be reversed due to natural declining temperatures
during their spawning season.
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TABLE 2
i

OBJECTIVES

E

FOR SPAWNING AND
DURING

SPECIES

'2

Alewife

Atlantic Salmon

Bigmouth Buffalo
Black Crappie
Bluegill
Brook Trout
Brown Bullhead
Brown Trout

Carp

EMBRYO

THE SPAWNING

SURVIVAL OF SHORT EXPOSURES
SEASON;

OC

MAXIMUM WEEKLY AVERAGEa
TEMPERATURE FOR SPAWNING

MAXIMUM TEMPERATURE FORb
EMBRYO SURVIVAL

22
5

28C
11C

17
17
25

27C
20
34

9
24
8

13
27
15

33

21

Channel Catfish
Coho Salmon
Emerald Shiner

27
10
24

29C
13C
28C

Freshwater Drum

21

26

Fathead Minnow

30

24

Lake Herring (Cisco)

3

Lake Trout

9

8

5

10C

Largemouth Bass

21

27C

Northern Pike

ll

19

Lake Whitefish

Pumpkinseed
Rainbow Smelt

Rainbow Trout
Sanger

Smallmouth Bass
Smallmouth Buffalo

29C

25
8

15

9
12

13
18

17
21

23C
28C

15

20C

Sockeye Salmon
Striped Bass
Threadfin Shad
Walleye
White Bass
White Crappie

10
18
l9
8
17
18

White Sucker
Yellow Perch

10
12

White Perch

14

13
24
34
17C
26
23
20
20

a

i
i:
h

:s

The optimum or mean of the range of spawning temperatures reported for
the species.
b
The upper temperature for successful incubation and hatching reported for
the species.
c - Upper temperature for spawning.

____________ _
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SHORT TERM MAXIMUM DURING SPAWNING SEASON
If these maxima were determined in
the same manner as for the growing

season,

we would be using the

timemtemperature equation as befor

e.
However,
these data are based usually on survi
val of juvenile and adult individuals.
Egg incubation temperature requiremen
ts are more restrictive (lower) and
this
biological process would not be protected
by maxima designed using data on
juvenile and adult fish.
Also, spawning itself could be prematurel
y stopped
if those maxima were achieved.
It is also likely that the maximum spawning
temperature approximates the maximum succe
ssful incubation temperature.

Consequently, the short term maximum tempe
rature should preferably be
based on maximum incubation temperature for
successful embryo survival but the
maximum temperature for spawning is probably
an acceptable alternative.
In
fact, the higher of the two is probably the prefer
red choice as variability
in available data may indicate discrepancies
in this relationship.
For the channel

catfish

(see Fish Temperature Data Sheet)

the maximum

reported incubation temperature is 28 C and the
maximum reported spawning
temperature is 29 C.
Therefore, the best estimate of the short term surviv
al
of embryos would be 29 C (Table 2).

MAXIMUM WEEKLY AVERAGE TEMPERATURE FOR WINTER
As discussed earlier the MWAT for winter is necessary usually
to prevent
fish mortality in the event the water temperature drops
rapidly to an ambient
condition.
This could occur due to power plant shutdown or a movement
of the
fish itself.
These MWAT are meant to apply whatever fish can congregate
even
if that is within the mixing zone.
Some stocks of yellow perch appear to require a long chill period during
the winter for optimum egg maturation and spawning.
However, protection of
this species would be outside the mixing zone.
In addition, the embryos
of fall spawning fish such as trout, salmon and other related species
such as
Cisco require low incubation temperature.
For these species the MWAT during
Winter would have to consider embryo survival, but again, this would be outside
the mixing zone.
With these exceptions in mind, it is unlikely that any significant effects
on fish populations would occur as long as mortality was prevented.
In many
instances growth could be enhanced by winter heat addition.
There are fewer data for lower incipient lethal temperatures than
the previously discussed upper incipient lethal temperatures (NAS/NAE,
COnsequently, the data were combined to develop a generalized MWAT for
survival rather than use the species specific approach as in the other

0f Objectives.

for
1973).
winter
types

All the lower lethal threshold data for freshwater fish species were
used to calculate a regression line.
This line had a slope of 0.50 and a
correlation coefficient of 0.75.
This regression line was then displaced
by approximately 2.5 C since it passed through the middle of the data p01nts
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and did not represent the more sensitive species.

This new line on the edge

factor, that same factor
of the data array was then displaced by a 2 C safety
discussed earlier,

to account

for

the fact

that

the original

data points were

result in 100 percent
should
for 50 percent survival and the 2 C safety factor
line, therefore,
sion
These two adjustments in the original regres
survival.
ible morta
neglig
than
no more
result in a line (Figure 2) that should ensure
s appeared
specie
ter
At lower temperatures the coldwa
lity of any fish species.
(Figure
ive
object
ant
result
to be different than the warmwater species and the
2) takes this into account.
rge, this objective
If fish can congregate at a point close to the discha
Ob
a particular site.
could be a limit on the degree rise permissible at
g
in which some coolin occurs,
viously, if there is a screened discharge channel
r.
the permissible plant heat rise could be greate
the ambient water
An example of the use of this objective would be if
could congregate
fish
where
ature
temperature were 10 C, the maximum temper
about 2.5 C, the
of
t
ambien
lower
a
At
would be 25 C, a difference of 15 C.
MWAT would be 10 C, a 7.5 C difference.
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Figure 2

FISH TEMPERATURE DATA
SpeCIes: wailewife, xii/USCZ (semicharengus

l. Lethal Threshold:
Upper

acclimation

temperature
lo
2o
##2## ,

larvae

_

.

Juvenile

___u_

#

_

reference
5
5
w2.___

,

*ultimate incipient

Lower

ll. Growth:

adult
20
23
AZ:

larvae

juvenile

adult

gptimum

ran e

month(s)

Optimum and
[range]

Ill. Reproduction:
Migration

-2l31liL.

lncubahon
and hatch

__i7

Spawning

*peak run

IV.

Preferred:

acclimation

temperature

7El§**-?
<LQ J :L
Lem
l3-2l**(l)
11-27

l
_l_.i__
L
1
1

**marine stocks

larvae

.

_

Iuvenile

adult

23*
23*

24
3t
l8
21

2o
22
*aqe unknown

References on following page.
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FISH TEMPERATURE DATA
1

Species:

1'

Atlantic salmon, Salmo salar

acclimation

I. Lethal threshold: Temperature

Upper

Lower

ll. Growth:

Optimum and
[range]

lll. Reproduction:

5

6
10
20
27.5

.

luvenile

22

23*
23*
27.8**

*30 days after hatch

larvae

juvenile

LUKEL

LEM

_,,

_

optimum

.__

range

Spawning

ML

L lllllil

__

3M2)

IV. Preferred:

reference

1

1
1
1
8

_jfult1'mate upper incipient tamp.

adults 23 or less, smolt l0 or less

and hatch

adult

22*

Migration
lncuba on

acclimation

temperature
4
_&ummeL___

;

.

larvae

larvae

.

iuvenile

adult

Li.
__

month(s)
3

Emmi)

3 12
adult

14
__
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FISH TEMPERATURE DATA
Species:

Bigmouth buffalo, Ictiobus cgprineZZus

acclimation

l. Lethal threshold: temperature

larvae

.

.

iuvenile

adult

reference

,

Upper

Lower

ll. Growth:

larvae

juvenile

adult

Optimum and
[range]

lll. Reproduction:
Migration
spowning

_

optimum
__
l6-l8(6)

range
l4(l)-27(6)

lncuba on

and hatch

lV. Preferred:

manth(s)
«
Apr(4) June(3)

MM
acclimation
temperature

larvae

_
_
iuvenile

2.5
adult
my

*Ictiobus SP- field

'References on following page.
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FISH TEMPERATURE DATA
SpeClESZ

Black Grapple, Pomoxis nigromaculatus

acclimation

I. Lethal threshold: temperature
Upper

.

,

Juvenile

larvae

adult

l

_2_.__

33*

29

reference

Lower

*Ultimate incipient level

II. Growth:

Optimum and
[range]

larvae

juvenile

____

ML

#

adult

__ _

_2____
_2__._

(ll-30)*

*Limits of zero growth

Ill. Reproduction:

month(s)

range

optimum

E

Migration
Incuba on
and hatch

IV. Preferred:

acclimation

temperature
Summer

larvae
18 20(5)

.

juvenile
27-29*

*SO% catch/effort

lReferences on following page.
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24 34(J)
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FISH TEMPERATURE DATA
Species:

Bluegill, chomtls macrochims

acclimation

.

.

l. Lethal Threshold: temperature

larvae

Juvenile

adult

reference

EQLJJJE)

__._

ELLEL.

MEL

L

Upper

Lower

ll. Growth:

Optimum and
[range]

lll. Reproduction:

Migration

Spawning

lncuba on

and hatch

IV. Preferred:

20
25(2), 26(8)
30
33
m2), l2(8)
.
20
iimdim)
30
33

___

_
36(8)
34
37
3 (8)
_V__
LQL)

15

322,2.._
33(2)

Ala).
.5 _
ALL
ll

larvae

iuvenile

adult

___

£000)

24319)

_

optimum

range

_P__

_.__

25 5

333$
acclimation

temperature

[MULQUH]

(22-34)l10)

e

U

_

.

.

juvenile
32l9,||)

18
l6
31

8 Nov
3 Feb
26 June

30 June

32
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§L

LLL

.__

Lia...

8

3?;3 }.

26 Auqlll)

2
2,8
2
8
2.8__._
2 .
L
2
8

month(s)

19W)

larvae

l

adult
9_.J_L_

ll
1] .____.
ll
7

_

I

BLUEGILL

l._a
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FISH TEMPERATURE DATA
Species:

Brook trout, SalveZinus fontinalis

acclimation

Upper

Lower

ll. Growth:

Optimum and

[range]

Ill. Reproduction:
Migration

Spawning

lncuba on

and hatch

IV. Preferred:

3
11
12
15
20

25

_

.

larvae

I. Lethal threshold: temperature

adult

23
25

__

20*, 25**

adult

l uvenile

___

optimum

range

__*

___

16(1)

(lg

u)

larvae

__6.___
24

_
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_

1

_

luvenile

12
_ 19

1,2

M 14545

Li.

temperature

1_L2

month(s)

Malian

_6__

acclimation

3

25

(7-18)(2)

41m

3

25

*Newly hatched

12 15(2)

3
3
2
3

__

25

**Sw1'mup

larvae

referencg

|uvenile

adult

4
4

.

BROOK TROUT
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FISH TEMPERATURE DATA
Brown bullhead, Ictalurus nebulosus

Species:

acclimation

l. Lethal threshold: temperature
m 30
Upper

__._,,E#

W

Lower

ll. Growth:

larvae

.

_

Juvenile

larvae

35

___.__

iuvenile

[range]

Migration

Spawning

_

range

optimum

__

_____

,

Incubation

__

adult

4 -2

f

month(s)

Mar-Sep é)

acclimation

temperature
18 May(2)
26 July

larvae

.

|uvenile
21(2)
31

.27

23 Sept

26

10 Mar

,

adult
29-3i*(i)

_..__

*finai preferendum
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3,4

3,4

21(4l-27i3)
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Ill. Reproduction:
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2

2

2
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FISH TEMPERATURE DATA
Species:

Brown trout, Salmo trutta

acclimation

I. Lethal threshold: temperature

Upper

20(2)
23

.

.

Juvenile

larvae

adult

26*(5)
25**

23(2L

reference

,

2,5
4

*approx. ultima e upper incipient lé

Hage unknown

Lower

ll. Growth:
Optimum and
[range]

larvae

iuvenile

adult

_,_,

2-] 9*

___
#_

.4.._.__

*ages O-IV

lll. Reproduction:

Migration

Spawning

Incubation

and hatch

IV. Preferred:

optimum

range

_J§:_,7_,_

___..__

month(s)

l

MM)

ELL-m8) Octl9J-_Jsinil_OJ

w,

MEL

M3 )

34

acclimation

temperature

larvae

I

Juvenile

adult

l2-l8
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FISH TEMPERATURE DATA
Species:

Carp, Cy; Pinas carpio

acclimation

,

,

l. Lethal threshold: Temperature

larvae

Juvenile

adult

reference

20, .
26, ,_
a__2_5,:2_,_7m__

_#_

_3,L;34_*
j fpw
ig la

_#
_ u_
_#_

3
_3
LG

Upper

Lower

ll. Growth:
Optimum and

[range]

III. Reproduction:
Migration

Spawning

lncuba on

and hatch

lV.

Preferred:

_

a ,_

em

*24 hr. TL50

,_ _

larvae

juvenile

adult

m,

__H_

W

( E9512 ( 9 )

.__._

"WM

__..____

19-23(2)_

i4§4)-26(2)

lL-EQQL

?-33<1>_

Mar Aug(5)

Limit for 10 min. exposure of early embryo
is 35° _

acclimation

larvae

'

_

Evenile

l7

to
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25 35
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8

6
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FISH TEMPERATURE DATA

T
Species:

Channel catfish, Ictalurus punctatus

acclimation
I. Lethal threshold: temperature

Upper

Lower

larvae

15

25(2) 26(1)
29
___3,Q____
34

.
.
Juvenile

adult

__3_o:.

__

3w34i2>*_#

3l

37
38
*88_ _122.grama_4

15

__Q_

25

6

20

ll. Growth:
Optimum and
[range]

Ill. Reproduction:

Migration

spawning
lncuba on

and hatch

lV. Preferred:

W3;

_2_9_-_3gi3)
(27 3l)(3)

2_8;30(8)
(26-34)(4)

optimum

range

_

_#.__

_2.._.

1);...
_3_ __
_1____
1
__r__.4
1

2

_.2__

month(s)

_

__

27l5)

21 29(5)

____._

33-33(3).

__.__
.

.

____..
5,6,10

5

luvenile

adult

Summer

__ __

_30 32*

__7____

2 Jan(ll)

Him;

32**(9)

9,11

temperature

larvae

_3§_____

22

35

29

We] d

ll

ll

**l4 hr. photo eriod
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,348____
3,4_.__

Mar(lO)-Julv(6)
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l
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juvenile

larvae
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FISH TEMPERATURE DATA
Species:

Coho salmon, Oncorhynchus kisutch

acclimation

I. Lethal threshold: temperature
Upper

Lower

5
m
15
20
23

_

larvae

23
_ 24413
24
25
25

5

Optimum and
[range]

lll. Reproduction:

____

-

IV. Preferred:

adult

**

__E

range
7-13

8(2)

acclimation

__2__
_6_

month(s)

_];1 _

temperature

inknown

*unlimited food
**depending upon season

Spawning

and hatch

1
44
1
1
1
1
1
1
1

15*

_

reference

l

iuvenile

Migration

lncuba on

2143* )

2
3
5
6

larvae

optimum

adult

*Accl. temp.

0.2

10
15
20
23

ll. Growth:

.

Luvenile

Fall

?-ll(7)
larvae

Winter

.
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3

2.7

_

Evenile

adult
13
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REFERENCES
Brett, J.R.

Oncorhynchus.

1952.

Temperature tolerance in young Pacific salmon, genus

J. Fish. Res. Bd. Canada.

9:265 323.

Great Lakes Research Laboratory.
1973.
Growth of lake trout in the
laboratory.
Progress in Sport Fishery Research.
1971.
USDI, Fish and
Wildlife Service, Bureau of Sport Fisheries and
Wildlife.
p. 100 & 107.
Anonymous.
1971.
Columbia River thermal effects
mental Protection Agency.

study.

Vol.

Edsall, T.
1970.
Personal communication to J.H. McCormick,
Research Laboratory Duluth, Duluth, Minnesota.

1, Environ

Environmental

Burrows, R.E.
1963.
Water temperature requirements for maximum productivity
of salmon.
Proceedings of the 12th Pacific N.W. Symposium on
Water Poll. Res.
Averett, R.C.
1968.
Influence of temperature on energy and material
utilization by juvenile coho salmon.
Ph.D. Thesis, Oregon State Univ.
Shapovalov, L. and A.C. Taft.
1954.
Cited in:
Schuytema, G.
1969.
Literature review, effects of temperature on Pacific salmon,
Appendix A,
In:
Parker, F.L. and R.A. Krenkel, ed., Thermal Pollution:
Status of
the Art.
Vanderbilt Univ., Dept. Env. and Water Res. Eng., Rept. No.
3.

139

FISH TEMPERATURE DATA
Species:

Emerald Shiner, Notropis atherinoides

acclimation

l. Lethal threshold: temperature

Upper

Lower

ll. Growth:
Optimum and
[range]

III. Reproduction:
Migration

Spawning

Incubation
and hatch

IV. Preferred:

larvae

.

I

Juvenile

18

adult

reference
1

1

15
20
25

29
31
31

1
1
1

15
20

2
5

1
1

larvae

iuvenile

__

29
(MALL

___

optimum

range

month(s)

#

______

acclimation

____

20W)

temperature

larvae

jummen___

__

adult

May-Aug(l ,4)

_

luvenile

adult

A

_
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'References on following page.
140

__2____
1____.

1,3,4,_5_

_3__.__

I

EMERALD SHINER
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FISH TEMPERATURE DATA
Species:

Fathead minnow, Mimephales promelas

I. Lethal Threshold:

acclimation

temperature

larvae

.

.

Juvenile

adult

reference

Upper

Lower

. Growth:
Optimum and
[range]

lll. Reproduction:
Migration
Spawning

lncuba on
and hatch

IV. Preferred:

larvae

iuvenile

a ult

_m,_

__,__

Zii-QO

optimum

23:52?)

range

l8( 2)-30(l)

23-28

acclimation

temperature

month(s)

May Aug(2)

23.5-30

larvae
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FATHEAD MINNOW
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F!SH TEMPERATURE DATA
Species:

Freshwater drum, ApZodinotus qmgnn/zicns

acclimation
l. Lethal threshold: Temperature

larvae

juvenile

adult

refereng'
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Lower

ll. Growth:

larvae

iuvenile

adult

optimum

range

month(s)

ig-zala)

Mayl1) Aug(3)
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[range]

lll. Reproduction:
Migration

Spawning

__

Incubanon
and hatch

lV. Preferred:

22(2) 26(1)

acclimation
temperature

larvae

Evenile

1,2

adult
29 31*

*Field
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Spawning and early life history

Clark Lake,
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Trans.
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1973.
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Tech. Rept. 32.
Purdue
Univ. Water Resources Research Center.
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FISH TEMPERATURE DATA
SDGClGSIwiggligiller hg (CiSCO), Coreganus @tedii

acclimation

l. Lethal threshold: tem erature
3H

Upper

5

s,

.

larvae
26(2)

>13

_,_MZQ,__

MgLr

a

5

___10_ __

_____u

.25__

0.3

___

Optimum and
[range]

Migration

Spawning

lncuba on
and hatch

IV. Preferred:

adult
22m?
_

W

26

3
3___

3

3

___

3

10

larvae

juvenile

adult

E

__

__

2____

__

2_____.

£1348)

optimum

range

month(s)

_spgming grounds qt = 5

_

reference
2,3,4

*accl. temp. unknown

2

.29
25
ll. Growth:

<

26

2

Lower

lll. Reproduction:

.

uvenile

7

3l6,7j_

l 5l8l

Nov Dec )

6,7,8

6(1)

2 8(l)

Nov(6) May(8)

1,6,8

acclimation
temperature

larvae

'
iuvenile

adult
13

References on following page.
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LAKE HERRING (CIsco)
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Temperature tolerance of you
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FISH TEMPERATURE DATA
Sp Cl Sl

Lake trout, Salvelinus namaycush

acclimation

adult

Juvenile

larvae

l. Lethal threshold: temperature

O

.

reference

I

Upper

Lower

ll. Growth:

larvae

juvenile

adult

.._

_..

Optimum and
[range]

Ill. Reproduction:
Migration

Spawning

Incubation

and hatch

IV. Preferred:

range

month(s)

3 l4l3l

Aug Dec(2)

optimum

1,3

0._3-_10_<3_)

8(1)
acclimation

larvae

temperature

_

2,3

_

adult

juvenile

4
_5____

12*
845*i
*yearling
**age unknown

lReferences on following page.
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LAKE TROUT
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752 p.
Royce, w.F.
1951.
Cited in:
Brown, H.W.
1974.
Handbook of the effects
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27:1729 1733.
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15:607 624.
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FISH TEMPERATURE DATA
Species:

Lake Whitefish, C'oregonus clupeaformis

acclimation

l. Lethal threshold: temperature

.

.

larvae

luvenile

adult

a

____L

_

reference

Upper

Lower

ll. Growth:
Optimum and
[range]

lll. Reproduction:

larvae

juvenile

adult

__

w

_

optimum

range

month(s)

Migration

Spawning

lncuba on
and hatch

IV. Preferred:

0.5-lO

Sept-Dec

_3;8..__

acclimation

temperature

2

l

larvae

.

.

Juvenile

adult
13*

*2 year old

References on following page.
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LAKE WHITEFISH
REFERENCES
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FISH TEMPERATURE DATA
Species:

Largemouth baSSL Micropterus salmoides

.'

acclimation

I. Lethal threshold: temperature

larvae

.

luvenile

adult

reference

Upper

20
25
30

33
35
36

1
1
1

Lower

20

5

1

II. Growth:

Optimum and
[range]

Ill. Reproduction:
Migration

Spawning

Incubation

and hatch

IV. Preferred:

25
30

7
12

larvae

1
1

juvenile

a ult

27(2)
(KO-30W)

30(8)
(23-3lll8)
29(10)

22 11)

optimum

range

month(s)

16 27(4)

Apr June(3)

__

21 4

20(5)

acclimation

temperature

NOV'May (4)

l3(6)-26(9)

larvae

I

.

luvenile

*Lab., small

**F1 eld, larger
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3,4
5,6,9

adult

30-32*
27-28**

IReferences on following page.
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LARGEMOUTH BASS
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FISH TEMPERATURE DATA
Species:

Northern pike, E303: Zucius

acclimation
I. Lethal threshold: temperature
upper

l8
25
27
30

LIJNGr

,
,
Juvenile

larvae

adult

reference

m-_

2
_l
1
1

.

2

_

25,28*
32 _
33
33**

*At hatch and free swimming, respectively

**Ult1mate inc1pient level

18

3*
*At hatch and free swimming

ll. Growth:
Optimum and

[F0098]

III. Reproduction:

larvae

juvenile

21

26

___

optimum

range
__

Spawning

and hatch

IV. Preferred:

2____

(18:26)

Migration

Incubation

adult

MAME.

L

month(s)
Feb June(5)

7-19

acclimation

temperature

larvae

_

mvenile

*Grass pickerel and musky,
respectively
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3.4i5

2

24,26*

'References on following page.

2___
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NORTHERN PIKE
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FISH TEMPERATURE DATA
Species:

Pumpkinseed, Lepomis gibbosus

acclimation

I. Lethal threshold: temperature

larvae

.

.

Juvenile

adult

l reference

Upper

Lower

ll. Growth:

Optimum and

[Hinge]

ill. Reproduction:

__

larvae

iuvenile

m

__

optimum

ran e

Migration
Spawning
Incubation
and hatch

IV. Preferred:

a ult
30

153-?

larvae

1

month(s)

_
20-29

acclimation
temperature

l

May-Auq

.
luvenile

3

adult

19 May
24 June

21
31

2
2

26 Sept

33_

2

10

2

8 Nov

'References on following page.
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PUMPKINSEED
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FISH TEMPERATURE DATA
Species:

Rainbow smelt, Osmerus mordaa:
acclimation

I. Lethal threshold: temperature

larvae

juvenile

adult

W'

Upper

Lower

II. Growth:

Optimum and
[F0098]

Ill. Reproduction:

Migration

Spawning

lncuba on

and hatch

lV. Preferred:

larvae

juvenile

adult

_

____

_
___

optimum

range

month(s)

0.6-]5

April

_4'5__
m
acclimation
temperature

5 15

larvae

'References on following page.
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3

wenile

adult
6-14

4

RAINBOW SMELT
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FISH TEMPERATURE DATA
Species:

Rainbow trout, SaZmo gairdneri

acclimation
l. Lethal threshold: temperature

ll

Upper

.
,
Juvenile

larvae

l8

adult

27

19

21

reference
l

2

Lower

ll. Growth:
Optimum and

[range]

lll. Reproduction:
Migration
Spawning

Incubation

larvae
______

[MEAL-

juvenile
17-19

il

"

N. Preferred:

5

8.1]

optimum

range

month(s)

______
_9(_lQ)_

____
£1115;

NOV-Feb(7)

and hatch

T
i

adult

Feb Junem

543(4)
acclimation
temperature

larvae

Not given

l8&24

'References on following page.

13 20

juvenile

6,7,10

4,9

adult

14

3

13 19
l8&ZZ, reap.
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FISH TEMPERATURE DATA
Species:

Sauger, {Ibizostedion canadense

acclimation
I. Lethal threshold: temperature
Upper
10
i2
l8
22
26

.
_
Luvenile
27
27
29
30
30

larvae

Lower

ll. Growth:

larvae

juvenile

Optimum and

Migration

Spawning

__

9-l5l4l*

6 l 45 4)

lV. Preferred:

*fOr fertilization

acclimation

temperature

4

range

lncuba on

and hatch

4

(is 26)

optimum

larvae

month(s)
Apr(l) June(3)

9'18
.

juvenile

adult
ZLZQ-

*field

162

L3,4

4

19*

'References on following page.
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4
4
4
4

adult

22

[range]

Ill. Reproduction:

adult

2
5

_

l
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REFERENCES
Nelson, W.R.

1968.

Reproduction and early life history of sauger,

Stizostedion canadense, in Lewis and Clark Lake.
Soc.

97:159 166.

Trans. Amer. Fish.

Ferguson, R.G.
1958.
The preferred temperature of fish and their
midsummer distribution in temperate lakes and streams.
J. Fish. Res.
Ed. Canada.
15:607-624.
Carufel, Louis H.
1963.
Life history of saugers in Garrison Reservoir.
J. Wildl. Manag.
27(3):450 456.
Smith, L.L. Jr. and W.M. Koenst.
1975.
Temperature effects on eggs and
fry of percaid fishes.
USEPA Ecological Research Series Report 660/3 75 017.

Gammon, J.R.

1973.

The effect of thermal input on the populations of
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FISH TEMPERATURE DATA
Species:

'

g
at

Smallmouth bass, Micropterus dolomieui

acclimation

l. Lethal threshold: temperature

Lower

Jill E
18
22
26

reference

adult

*acclimation not given

3,8
3
3
3

2(3)
4
7
10

4443):

.

8,3

35(3)

38*(8)

upper

,

_

Juvenile

larvae

*acclimation temperature not given

ll. Growth:
Optimum and
[range]

Ill. Reproduction:
Migration

Spawning

Incubation

larvae
28 29(2)

adult

26(3)

__

optimum
_

17 18 5

and hatch

lV. Preferred:

juvenile

Jul .

__

range
_

-23

month(s)
M -Ju

)

19:21.
acclimation

temperature

larvae

Summer

.

|uvenile

10
adult
21-27

Winter
18330

>8*(l -28(4)
23&_3_1_re_sp.
*juvenile and adult

'References on following page.
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FISH TEMPERATURE DATA
Species:

Smallmouth buffalo, Ictiobus bubaZus

acclimation

I. Lethal threshold: temperature

larvae

.

.

Juvenile

adult

_

__

reference

Upper

Lower

ll. Growth:
Optimum and
[range]

Ill, Reproduction:
Migration

Spawning

lncuba on
and hatch

IV. Preferred:

larvae

juvenile

a ult

__

__

__

optimum

range

month(s)

.__._._

17(1)-24(5)

Mar(3) Sept(5)

____
acclimation
temperature

l4lll-21l2)

larvae

mvenile

1.2

adult
31-34*

*Ictiobus sp. field

'References on following page.
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SMALLMOUTH BUFFALO
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F lSH TEMPERATURE DATA
1

1

Species:

Sockeye salmon, Oncorhynchus nerka

acclimation

l. Lethal threshold: temperature

Upper

5

,

,

juvenile

larvae

2223

1o

15
20

Lower

____5_.__
10

.____

15
20
23
ll. Growth:

Optimum and
[range]

larvae

l uvenile

15(5)

15(2):;

adult

reference

1

24
25

1
1

0

1

3

J

4
5
7

1
1
1
adult

L

(19 15)
(ll-l7)

4
7

*Max. with excess food

lll. Reproduction:

optimum

Migration

range

month(s)

_7'16

Spawning

7-13

Fall

4

6

lncubation
and hatch

IV. Preferred:

acclimation

temperature
Summer

lReferences on following page.

larvae

'

I

juvenile
15

adult
3

I

SOCKEYE SALMON
REFERENCES
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Jour.
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FISH TEMPERATURE DATA
Species:

,

Striped bass, Morone saxatilis

acclimation

l. Lethal threshold: temperature

1:

Upper

_

larvae

Optimum and
[range]

Spawning

Preferred:

28**

larvae

iuvenile

adult

__-__
__

_

__
_

optimum

range

_ W_

*6'8___

l6 l9 2 _

2

month(s)

12-22llt

Incuba on
and hatch

lV.

35*

reference

*Laboratory
**Field observation

ll. Growth:

Migration

adult

not qt'ven

Lcwver

Ill. Reproduction:

.

iuvenile

Apr-June )

16-24
acclimation

temperature

larvae

2

l,2

1
.

mvenile

adult

5

Dec

12

3

14

Nov

3}

Oct

22

3

2§_

3

28

July

.

28

'References on following page.
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STRIPED BASS
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FISH TEMPERATURE DATA
Species:

Threadfin shad, Dorosoma petenense

acclimation

I. Lethal threshold: temperature

larvae

_

.

iuvenile

adult

reference

Upper

II. Growth:
Optimum and
[range]

lll. Reproduction:

1

9*

Lower

*lowest permitting

.

.some survival

adult

luvenile

larvae

__
___

__

optimum

Migration

range

month(s)

_

Apr Aug(4)

14(3i-23(4)

Spawning

3,4

lncuba on

IV. Preferred:

acclimation

temperature

larvae

_

_

|UV nl|

adult

gm; 5'
' Ln,
r< A

"1 A

>19

'References on following page.
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FISH TEMPERATURE DATA
Species:

Walleye, Stizostedion vitreum

acclimation

I. Lethal threshold: temperature

.

Juvenile

larvae

ll. Growth:

Optimum and

__§l___

_____

larvae

__

juvenile

adult

22(1)

20(6)

__

(1m

____

optimum

range

month(s)

___
__6;9_U_L*_

~3_-7_
4_l7l-l7l5)

1,6

_1_____

-11
(a
(
«73 4:: .4_--.. -.;: v_<
E. n»~
.-.
{.3 dam

III. Reproduction:

Migration
Spawning

lncuba on

and hatch

IV. Preferred:

Aer Maym

4
1,5,7,4

l

.._9'_l5__

*for fertilization

acclimation
temperature

larvae

I
|uvenile

~
7,4: ....__ ._A_,., ;:_...(

22-25(1)

adult
23*
25(3)*
*ft eld

'References on following page.
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[range]

__2§__.
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1
1

31
31

16
22
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adult

2
1,3
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FISH TEMPERATURE DATA
Species:

White bass, Morone chrysops

acclimation
l. Lethal threshold: temperature

,
,
Juvenile

larvae

adult

referenoe'

Upper
i

Lower

17

it

ii
if

ll. Growth:
Optimum and

[range]

Mg

iuvenile

Migration
Spawning

incubation

and hatch

24 30

_._.

__

IV. Preferred:

optimum

range

__
~____

___
14 20 (north)

._____

acclimation

temperature

12 ?

month(s)
,
PEEK; e

(Tenn)

Mar May Tenn

16M)

larvae

Summer

7

.

.

Eveniie

adult

*Field

'References on following page.
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1

2,6

28-30*

1;

if

adult

.___

lll. Reproduction:

it

3

*% mortality not given

ll;

i:

14*

5
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FISH TEMPERATURE DATA
Species:

White crappie, PONIUx LIS annulapia

acclimation
l. Lethal threshold: temperature
Upper

larvae

.
_
Juvenile

29

adult

reference

33

4

Lower

ll. Growth:

larvae

iuvenile

adult

optimum

range

month(s)

14-23(5)

Mar Julvl3)

25___

Optimum and
[range]

and hatch

IV.

Preferred:

_19
14-23
Hatch in 24-27 1/2 hrs. at 21 23
acclimation

temperature
27

larvae

July(6)

_

_

mvenile
28(6)

3

Jan

8

5

Mar

10

June

26

24

'References on following page.
178

3,5
0'!

Incubation

MEL

N

Spawning

_._

adult
28-29(1)

I

Migration

cucumL

I ll. Reproduction:

4

,

1
1
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FISH TEMPERATURE DATA
Species:

White perch, Morone amezricana

acclimation

I. Lethal threshold: temperature

larvae

,

_

Luvenile

adult

reference

Upper

Lower

ll. Growth:

larvae

iuvenile

adult

Optimum and
[range]

Ill. Reproduction:

optimum

range

Migration

lil3)_-29(1)

Spawning

month(s)

May-June(3)

1,3

Incubation
and hatch

IV. Preferred:

IE

d:

larvae

6
15
20
26-30

»
2

acclimation

temperature

lO
20
25
31;32

l

l;

_

iuvenile
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WHITE PERCH
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FISH TEMPERATURE DATA
Species:

(g;

l

4
:3

White sucker, Catostomus comersoni

acclimation

I. Lethal threshold: temperature

Upper

l

Lower

'3 :

3;

E1

20

25

adult

26(2)
28 2
29(2)
29(2)

28(1)*
31(1)
30(1)

ll. Growth:

*7 dgv TL50 for swimup

_2_3.

__

__

___

6

Optimum and
[range]

iuvenile

larvae

Migration

___.__

____

Incubation
and hatch

_1_5_._

'b4 l8l526)

WlOlS)

temperature

month(s)
Mar-JuneQ)

larvae

_

Luvenile
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1

i20_
adult

19 21

'2

1

1

range

IV. Preferred:

_1___

1

(24~27)

acclimation

_L__-

adult

_27

optimum

Spawning

2
1.2
1,2
1,2
3

31

6*

reference

2

29

*7 day TL50 for swimup

Ill. Reproduction:
.:

25-26
21

;l

(g

.

25

,1

1?

5
10
15
20(2), 21(1)

.

(uvenile

larvae

4

l
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FISH TEMPERATURE DATA
Species:

Yellow perch, Perca flavescena

acclimation
I. Lethal threshold: temperature
5
Upper
1001, 10(4)
M
25

Lower

ll. Growth:

larvae

10g4)*
MAB.
*swimup

Migration
Spawning
lncuba on
and hatch

lV. Preferred:

21
25(1)
ZELLLL
32

1
1,4
_L£___._
10

adult

28
(25-3g)(11)

[13(6l-20(7)]

optimum

ran e

month(s)

_____
.._12L3)__

____._
2(5) 15(3)

Mar-1111mm)

11
6,7,11

3.5
4

l_Q_ui2.l_°_[day
to 20

acclimation
temperature

I

10

iuvenile

larvae

adult

reference

9

25

Optimum and
[range]

lll. Reproduction:

.
,
Juvenile

larvae

'
juvenile

adult
2H2)

Winter
24

Summer

20-23
22
19
20

24
25
7
2
.
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EXAMPLES
based on
Again, it is necessary at times to make subjective decisions
fish species
some
For
knowledge of existing aquatic systems and common sense.
becomes
ivity
for which there may be few or relatively poor data, this subject
ture
Even if several people were to calculate various tempera
important.
likely that
objectives for species with numerous, high quality data, it is
they would not agree in all instances.
presented
The following examples for warmwater and coldwater species are
c recom
only as examples and are not at all intended to be waterbody specifi
or the
ces,
differen
warrant
may
ances
circumst
ing
Local extenuat
mendations.

basic conditions of the examples may be slightly unrealistic.

EXAMPLE 1
Tables 1 and 2, Figure 2, and NAS/NAE (1973) are the principal data
The following waterbody specific
sources for the objectives for this example.
precisely factual:
not
are
data are necessary and in this example
1.

They will be the channel
Species to be protected by the objectives:
freshwater drum
crappie,
catfish, largemouth bass, bluegill, white
and bigmouth buffalo.

2.

They are April to June
Local spawning seasons for these species:
For the other
for the white crappie and the bigmouth buffalo.
species the spawning season is from May to July.

3.

In this example it will be 5 C
Normal ambient winter temperature:
in December and January; and 10 C in November, February and March.

4.

The principal growing season for these fish species:
July through September.

5.

Any local extenuating circumstances should be incorporated into the
Some examples would be yellow perch
objectives as appropriate.
very temperature sensitive en
winter,
the
in
maturation
gamete
food organisms that are very
fish
important
or
species,
dangered
we will have no extenuating
example
the
For
sensitive.
temperature
circumstances.

.Wi, _.._4 .

A

This would be

In some instances there will be insufficient data to determine each

necessary objective for each species.

One must make estimates based on any

available data or by extrapolation from data for species for which there are
For instance, this includes the bigmouth buffalo and fresh
adequate data.
water drum for which no growth or short term summer maxima are available
One would of necessity have to estimate that its summer objective
(Table 1).

would not be lower than that for the white crappie which has a spawning
requirement as low as for the other two species.
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The choice of important fish species is very
critical.
Since in this
example the white crappie is as temperature
sensitive as any of the species,
the maximum weekly average temperature for summer
growth is based on the white
crappie.
Consequently, this objective would result in
lower than optimal
conditions for the channel catfish, bluegill
and largemouth bass.
An alternate
approach would be to develop objectives for
the single most important species
even if the most sensitive is not well protec
ted.
The choice is a socio

economic one.

Before developing a set of objectives such as in
Table 3, one should
study the material in Tables 1 and 2 for the specie
s of concern.
In this
example it is evident that the lowest objective
for summer growth for the
species for which data are available would be the
white crappie (28 C).
How

ever,

there is no short term maximum since

Fish Temperature Data Sheets).

the data

are not available

(see

For the species for which there are data,

lowest short-term maximum is for the largemouth bass
(34 C).

the

In this example,

we have all the necessary data for spawning and
short-term maxima for embryo
survival for all species of concern (Table 2).

During the winter, objectives may be necessary
both for the heated plume
or mixing zone as well as for the receiving water.
Receiving water objectives
would be necessary if an important fish specie
s were known to have gamete
maturation requirements like the yellow perch,
or embryo incubation require
ments like trout, salmon, cisco, etc.
In this example there is no need for
receiving water objectives in the winter.

At this point, we are ready to complete Table
3 for our first example.
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TABLE 3
OBJECTIVES FOR EXAMPLE 1
~

m

if
«raw .2: q"

January
February
March
April
May
June

a
-a
a
18
21
25

July
August
September
October

28
28
28
21

15
25
25
--

25
15

2

November
December

-

MONTH

SHORT TERM MAXIMUM

January
February
March
April
May
June
July
August
September
October
November
December

Figure 2
Figure 2
Figure 2
White crappie spawning
Largemouth bass spawning
Bluegill spawning and
white crappie growth
White crappie growth
White crappie growth
White crappie growth
Normal gradual seasonal
decline
Figure 2
Figure 2

DECISION BASIS
-

None needed
None needed
None needed
26

Largemouth bass
(estimated)
Largemouth bass

29

(estimated)

Largemouth
Largemouth
Largemouth
Largemouth
Largemouth

34
34
34
34
29
None needed
None needed

bassb
bass:
bass
bassb
bassb
-

3If a species had required a winter chill period for gamete maturation of egg
incubation, receiving water objectives would also be required.

bNo data available for the slightly more sensitive white crappie.

W

.. I.-.)

DECISION BASIS

~

MONTH

MAXIMUM WEEKLY AVERAGE TEMPERATURE (°C)
Heated Plume
Receiving Water
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EXAMPLE 2
All of the general concerns and data
sources presented
discussion and derivation of Example 1 will
apply here.

1.

Species to be protected by the objectives
:
and brown trout and the coho salmon.

throughout the

They will be the rainbow

Local spawning seasons for these species:
They are November through
January for rainbow trout; and November
through December for the
brown trout and coho salmon.
Normal ambient winter temperature:
In this example it will be 2 C
in November through February and 5 C in Octobe
r, March and April.
The principal growing season for these fish
species:
June through September.
Consider any local extenuating circumstances:
this example.
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This would be

There are none in

.
,.__.

.

1,.

TABLE 4

9

10

February

13

10

March

13

15

April

14

15

May
June
July
August
September
October

16
17
17
17
17
12

-

January

._

MAXIMUM WEEKLY AVERAGE TEMPERATURE (°C)
Heated Plume
Receiving Water

15

November

8

10

December

8

10

MONTH

SHORT TERM MAXIMUM

January

13

February

13

March

13

April

-

DECISION BASIS
Rainbow trout spawning and
Figure 2
Normal gradual seasonal
rise and Figure 2
Normal gradual seasonal
rise and Figure 2
Normal gradual seasonal
rise and Figure 2
Normal gradual seasonal rise
Brown trout growth
Brown trout growth
Brown trout growth
Brown trout growth
Normal gradual seasonal
decline
Brown trOut spawning and
Figure 2
Brown trout spawning and
Figure 2

DECISION BASIS

Embryo
and
Embryo
and
Embryo
and

May

survival for rainbow trout
coho salmon
survival for rainbow trout
coho salmon
survival for rainbow trout
coho salmon
-

June

23

July

23

August

23

September

23

October
November

13

December

13

Short term maximum
trout survival
Short term maximum
trout survival
Short-term maximum
trout survival
Short-term maximum
trout survival

for brown
for brown
for brown
for brown

Embryo survival for rainbow trout
and coho salmon
Embryo survival for rainbow trout
and coho salmon
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